Finland's leadership in Arctic marine technology - key roles in a changing Arctic : Foresight to 2030 using Policy Delphi method in two rounds by McEwan, Jon
  
 
     
Jon McEwan, 184410 
University of Eastern Finland 
Department of Geographical and Historical Studies 
Master’s Thesis 
May 2014 
Finland’s leadership in Arctic marine technology —                                   
key roles in a changing Arctic: 
Foresight to 2030 using Policy Delphi method in two rounds 
 
Cover Figure:  ‘Baltika’ launched in 2013 by Arctech (Schuler, 2013) Photograph credit:                    
Arctech Helsinki Shipyard 
 
1 
 
 
 
 
 
 
 
 
 
 
 
 
Cover photograph: 
 
The Baltika is a new and innovative search and rescue ship with an “asymmetric hull” designed by Aker 
Arctic for operations as an ice-class ship complete with patents. It may maneuver “sideways or obliquely” 
to break ice for oil tankers using its wider beam, or going forward to break ice for narrower ships. The ship 
was launched in 2013 by Arctech its contractor. Equipped with its “360 degree rotating “propulsors, the 
new ship may move “sideways, astern or ahead.” The Baltika was commissioned by the “Russian Federal 
Agency of Sea and River Transport” for “icebreaking, rescue and oil response and recovery operations in 
the Gulf of Finland,” an example of Finnish-Russian cooperation. (Schuler, 2013). 
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RESEARCH STATEMENT                  UNIVERSITY OF EASTERN FINLAND 
 
This research examines an important sub-set of Finland’s shipping sector or the industrial 
cluster referred to as the Finnish Arctic marine technology (FAMT): ice-class vessels, 
offshore platforms and subsea technologies. FAMT development is in a culture of 
innovation to take advantage of the economic possibilities in a changing Arctic 
environment. Arctic sea routes are open for Arctic players to ship minerals, oil, liquefied 
natural gas (LNG) and other cargo using ice-class ships capable of breaking ice along the 
North-East Passage (NEP) or North-West Passages (NWPs) resulting from Arctic 
warming and seasonal sea ice retreat. Additionally, Russia is actively promoting the NEP 
which will increase transits. Increased economic activities in the Arctic Region should 
increase orders for FAMT, based on the main economic driver: increasing prices for 
commodities and raw materials due to international demand with globalization. 
How did the FAMT cluster achieve global dominance—in consulting, design, ice-model 
testing, engineering and construction of icebreakers? Finland’s highly advanced 
shipbuilding, developed from the 1970s into world-class know-how in the production of 
luxury liners. Orders for luxury liners experienced a sharp decline in 2008, with 
weakened demand, thus Finland’s main shipyards became idle. Arctic sea routes will 
increasingly need ice-class ships for resource extraction to ship to global markets even 
with the trend of sea ice retreat.  
What is the foresight for FAMT to 2030? 
The methodological approaches for this current topic required utilization of the Delphi 
technique, called Policy Delphi and other select future studies as analytical tools to 
research global AMT, with emphasis on Finnish AMT. The aim of research is to 
determine the probable futures or foresight for the FAMT cluster, based on extensive data 
with 19 panelists each in Rounds I and II.  
The main finding is that Finland’s Arctic marine technology cluster and supporting 
companies are more than likely to experience a substantial boost in exports well beyond 
2030.  
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ABSTRACT 
 
Finnish Arctic marine technology is globally dominant in ice-breakers. The foresight is 
produced by utilization of the Policy Delphi method to the year 2030 and by using other 
future studies techniques: strong prospective trends, weak signals, wild cards, and a 
SWOT analysis. Expert solicitation was from the United States, Canada and other Arctic 
nations that need ice-going vessels, offshore and subsea technologies. The warming trend 
or climate change has opened the famed North-East Passage and the North-West Passages 
to new shipping possibilities with record seasonal sea ice retreat with the help of ice- 
going vessels and ice-breakers. 
What are the implications for Finland’s shipping sector (in decline from the heyday of 
Finnish pre-eminence in luxury liners) with the possibilities of new Arctic sea routes? 
Policy Delphi uses internet based software with real-time capabilities. Policy Delphi 
allows for distinct differences in expert commentary and arguments: for Finland’s AMT 
industrial cluster producing icebreakers, offshore and subsea technologies for decision-
makers.  
Panel selection was based on the competence-interest matrix using the ‘snowball method’ 
from recognized experts in Arctic marine technology, from referrals based on panelists’ 
nominations. Comments and arguments compiled by interviews in Round I, in the pilot 
survey, produced feedback in the form of an executive summary prior to Round II, in the 
structural and themed questionnaire using real-time Delphi.  
The in-depth and comprehensive queries focus on Finnish Arctic marine technology—
developed into ten divisions of AMT: 
 weather forecasting services and monitoring systems; 
 oil and gas exploration; 
 ship navigational systems and controls, 
 ICT: specialized software for real-time monitoring for ship controls 
 Arctic transport and logistics; 
 offshore technology for oil and gas, wind and other; 
 shipyards for construction of icebreakers and other ice-class vessels; 
 subsea technology and below-the-ice technology; 
 environmental technology products, for example ‘clean-tech;’ and  
 safety and rescue products.  
What does utilization of the Policy Delphi method and other future studies techniques 
reveal about the foresight for Finland’s Arctic marine technology? 
What are the probable futures for Finland’s Arctic marine technology cluster? To sum, 
Finland’s AMT cluster is well poised for growth well beyond 2030. This is supported by 
the foresight on Finnish know-how continuing to play key roles in the production of 
Finland’s Arctic marine technology. Russia’s promotion of the North-East Passage is 
based on its Arctic Strategy and requires Finnish ice expertise and FAMT. This bodes 
well for Finland. 
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GLOSSARY AND ABBREVIATIONS 
 
AMT—Arctic Marine Technology is specifically designed, engineered, tested, and built 
for use in the Arctic Region. AMT is inclusive of specialized ice-class vessels (also 
referred to as polar-class ships or ice-going vessels): ice-breakers, multi-purpose ice-
breakers, polar-class oil tankers, LNG tankers, oil and gas support vessels, oil spill 
recovery vessels; offshore and subsea technologies; and other component products and 
services.  
 
CLUSTERS—are ‘“geographic locations” of related businesses intertwined in an 
industry. For example, the Finnish AMT cluster is inclusive of industries tied to Arctic 
development in shipping and oil and gas exploration: offshore platforms and subsea 
technologies. The global FAMT cluster includes the gamut of inter-related “companies 
and other entities”: the smaller enterprises comprise “specialized inputs…infrastructure.” 
An industrial “cluster” may be vertical (manufacturer to sub-manufacturers) or horizontal 
(companies with “complementary products, skill-sets, technologies and other inputs.” 
‘The cluster is intertwined with academic institutions, research and development centres 
and other entities that support the cluster.’ (Porter 1998, 78). 
 
DELPHI METHOD—is known as ‘conventional Delphi’ or ‘classical Delphi,’ an 
anonymous questionnaire survey using themes, typically involves two or more iterative 
rounds of interviewing experts on a given topic or field. Anonymity is guaranteed. Inter-
round feedback is provided as an executive summary. Feedback enables the experts to 
edit or refine their comments, by reviewing group comments, and thus ‘consensus’ is 
achieved. (Lilja et al. 2011) and (Linstone & Turoff 2002).  
 
FAMT—FINNISH AMT—are equivalent terms meaning Finnish Arctic Marine 
Technology comprised of the main shipping sector or cluster, offshore industry and 
related businesses (for example Technip Pori) and subsea technologies and “mini-
clusters”—are the  small and medium enterprises (SMEs) that support the main cluster. 
The aforementioned industrial firms, research and development centers, universities, and 
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related companies are located within the sub-national geographical scale of Southern and 
Western Finland e.g. Helsinki, Turku, Pori, Rauma and Oulu Region.  
 
FAMT CLUSTER—Finnish AMT cluster—are equivalent terms, see FAMT above. 
  
FAMT SWOT Analysis (of FAMT CLUSTER)—is a business analysis where              
S = strengths, W = weaknesses, O = opportunities and T = threats facing the FAMT 
industrial cluster and mini-clusters (SMEs) are evaluated. Note: S and W are internal 
factors, and, O and T are external factors.  
 
FOIROT—Fixed Offshore Ice-Resistant Offloading Terminal, for example FOIROT-
Vanrandey is an innovative offshore solution for Russia’s Arctic Continental Shelf 
(Bogoyavlensky 2014). 
 
FORESIGHT—“Foresight is a systematic, participatory process, involving gathering 
intelligence and building visions for the medium-to-long-term future, and aimed at 
informing present-day decisions and mobilising joint actions” (Miles & Keenan 2002). 
FORESIGHT THINKING—“Evolved from the traditional expectation of critical 
thinking. Foresight thinking principle is that the present and future are linked inextricably 
linked. Thus, society, technology, science, education, political practices, cultural and 
economic issues and phenomena and their future will be interrelated and systemic 
entities, with the understanding of the values and the principles of transparency, it is 
important to take into account. Foresight thinking is often a process of recurring activities 
in which technological developments are aimed at social decision-making and aims to 
bring out new, often hidden opportunities by looking at the different perspectives and 
areas together”  (Vapaavuori & von Bruun 2003, 318).  
 
ICE MANAGEMENT – is the act of performing icebreaking services using one or more 
ice-class ships—within the Arctic Region and sub-Arctic regions—by ships circling 
around offshore oil drilling ships or offshore platforms to protect the installations from    
a building up of ice floes and ice loading that may cause damage by one-year-ice or 
multi-year-ice. Ice management is performed differently at offshore Greenland projects, 
wherein oil and gas companies hire powerful tug boats to perform ice management by 
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harpooning icebergs and towing them away from drilling ships or platforms to prevent 
damage from floating icebergs to installations.  
 
MARPOL—is derived from the “International Convention for the Prevention of 
Pollution from Ships, 1973, as modified by the Protocol of 1978 relating thereto and by 
the Protocol of 1997” (IMO 2014). 
 
MINI-CLUSTERS—The diverse array of small and medium enterprises (SMEs) that 
comprise the main FAMT ‘Cluster’ along various product and service lines. 
 
POLAR-CLASS SHIPS—are ice-going vessels built to standards that allow for Arctic 
navigation based in part on the yet-to-be adopted Polar Code promoted by the 
International Maritime Organization (IMO). 
 
POLICY DELPHI—is a method of using two or more iterative rounds with inter-round 
feedback, while protecting the anonymity of the respondents. Policy Delphi does not seek 
consensus but rather to express as many views as possible even “divergent views” in 
opposition. It is helpful in “putting everything on the table” with complex issues for          
a committee responsible for shaping policy and developing action plans for 
implementation (Linstone & Turoff 2002, 80-96). 
 
REAL-TIME DELPHI (RTD)—was developed by Theodore Gordon and Adam Pease 
“by inventing a new approach to performing a Policy Delphi study that does not involve 
the use of sequential “rounds” and as a result, greatly improves the efficiency of the 
process and shortens the time to perform such studies.” Presently RTD may produce        
a type of ‘artificial intelligence’ that can aid in the decision-making within a much 
reduced time-frame. (Gordon & Pease 2006, 321). RTD is therefore ‘roundless,’ using     
a process of conducting data gathering by one or more rounds of interviews of experts by 
an on-line structural and themed questionnaire survey through utilization of the Delphi 
method  or Policy Delphi, using an Internet-based advanced programming software. For 
example, e.Delphi is an internet-based software on-line program used in this study in 
Round II. RTD allows as many iterations desired within a single round and expert 
panelists may log on as many times as they wish within data gathering phase. RTD allows 
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for feedback and self-editing: each panelist expert can view all other saved comments 
registered by panelists until the RTD is closed. This allows for feedback loops within the 
round. RTD maintains strict anonymous participation, except for the Delphi manager. 
 
SPTs—Strong Prospective Trends—“The other theoretical and methodological starting 
point is the principle of outlining strong prospective trends (SPTs), which has originated 
from future studies. According to Toivonen (2004), a strong prospective trend (SPT) is     
a future development or process based on a time series or development of a phenomenon 
that can be detected from statistics or other sources and which experts agree will continue 
until a particular point in time in the future…. Accordingly, the trend will consist of two 
parts: its history and its future. A trend does not have to be linear to qualify as an SPT but 
it must be consistent. An SPT can therefore in fact appear as a curve, for example.  
A trend can also be broken by a weak signal or some other factor. An implicit 
requirement for SPT is that there are causal connections and choices underlying and 
maintaining the trend. The discussion on megatrends can be considered a predecessor of 
the concept of SPT. Innovations in Arctic transport technology and rising prices of oil and 
gas in global markets are examples of trends with significant impact on the economic 
development” of a region, for example, Finland as a production area of FAMT. (Myllylä 
2008, 14; see also Myllylä 2007; Toivonen 2004; Naisbitt 1982).   
 
TREND: “a trend, a trend change in the formula, after a long period of phased 
investigation of phenomenon, or a general trend. See, “megatrend”, relates to "the 
examination of changes in the operating environment” .(Vapaavuori & von Bruun 2003, 
and Naisbitt 1982). 
 
WEAK SIGNALS—are defined as ‘new phenomena of change of specific impacts 
which may critically alter the course of events or the future direction’ (Rubin 2012).  
“Weak signal is a single phenomenon or event or related to a separate phenomenon or set 
of events that do not necessarily seem to be important while occurring or is not extensive, 
but which is important or even decisive role for the formation. A weak signal is the first 
expression of the change – a first symptom of a coming to a broader change - or it may be 
just the impetus that will change the course of a crucial event to a different direction. Its 
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connection to the future situation may not be justified in a statistically credible way as the 
historical continuity of the time series.  Tracking of weak signals and a variety of 
phenomena in understanding weak signals form one of the most challenging future 
research areas. A weak signal tracking requires a studying  and reviewing  of broad mix 
phenomena / regional phenomenon , distinguishing between the subjective and objective 
new phenomena, the English Synonym term 'Emerging issues.'” (Vapaavuori & von 
Bruun 2003, 318). 
 
WILD CARD—is defined, as ‘a low probability of occurrence however its impact to the 
oncoming development is of high influence or “emerging issues” (Rubin 2012).  
 
A wild card is a “surprisingly occurring change factor that changes the occurrence of the 
development as insecure. Wild card features include the fact that the probability of 
occurrence is low, but if / when it occurs, its impact on the future development are 
considerable. A Wild card does not have history nor can the events be predicted with the 
help of any kind of historical / time series of phenomena or legalities."(Vapaavuori & von 
Bruun 2003, 328). 
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“The Arctic is undergoing significant environmental changes due to climate 
warming. The most evident signal of this warming is the shrinking and thinning of the 
ice cover of the Arctic Ocean. If the warming continues, as global climate models 
predict, the Arctic Ocean will change from a perennially ice-covered to a seasonally 
ice-free ocean. Estimates as to when this will occur vary from the 2030s to the end of 
this century”. (Gascard et al. 2008, 21). 
 
1. INTRODUCTION 
“The 2008 United State Geological survey estimated that the region holds around 22% 
of the world’s yet-to-be discovered global oil and gas resources”(Blaauw 2012, 6).  
  
Paul Reynolds describes, ‘an Arctic gold rush’ symbolically signaled in the media, when 
Artur Chilingarov, a scientist and Duma member from Russia planted a titanium flag on 
the ocean floor at the North Pole using a Finnish-made submarine (Reynolds 2007 & 
Smith, 2010). This race for resources in the Arctic Region has finally begun in one of 
earth’s last frontiers (Smith 2010, 144). All of this to the great alarm by environmental 
groups and activists acting as global watchmen. Many non-Arctic nations are complaining 
about being left out of the race, because of Article 76 of the United Nations Convention 
on the Law of the Seas (UNCLOS) that carefully defines territorial rights and mineral 
rights. UNCLOS is expressly articulated to the benefit of the littoral Arctic Five nations. 
(Brigham 2011).  
 
The Arctic Council published its Arctic Marine Shipping Assessment 2009 Report 
(AMSA) that highlights the perils and challenges of increased Arctic shipping. Four basic 
scenarios for the Arctic Region were constructed. The preferred scenario for conducting 
responsible Arctic development is named the ‘Arctic Saga’—where ‘economic 
development is with “high demand for resources and trade” with “stable governance” 
with ‘protective measures for fragile ecosystems and indigenous peoples.’ (Ellis & 
Brigham 2009, 94-95).  
 
The trends of climate change and ice retreat have been met with prudent planning by the 
Arctic Council, established in 1996. The Arctic Council includes eight member states: 
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Norway, Sweden, Finland, Russia, Canada, United States, Denmark (Greenland and 
Faroe Islands) and Iceland (Arctic Council, 2014). In 2010, ‘the Arctic Council signed an 
agreement for Arctic search and rescue’ and announced a task force on oil spill recovery 
(Astill 2012). The Arctic Council is and has been working diligently on many important 
Arctic issues. 
 
The Arctic nations have crafted their Arctic national strategies. Finland and the United 
States have updated their national strategies in 2013 (Finland’s Arctic Strategy 2013).  
 
Finland’s Foreign Ministry sponsored a meeting on the Northern Sea Route.  Over one-
hundred-thirty delegates from Finland and Russia assembled for this conference held in 
Oulu, June 5 and 6, 2012. Key actors, from both public and private sectors, and 
representatives from both countries met with a spirit of cooperation. Russia with its vast 
resources of oil and gas along with minerals and raw materials is actively promoting the 
use of the ‘Northern Sea Route (NSR).’NSR is the preferred term used by the Russians 
for the North-East Passage. Future cooperation requires a spirit of Nordic trust and 
cooperation with Russia and its industries that utilize Finnish know-how, cold 
temperature knowledge, ice technology and expertise as defined by the subject topic of 
Finnish Arctic marine technology (FAMT). FAMT is important for Finnish exports and 
the Finnish economy. 
 
FINNISH KNOW-HOW AND ICE EXPERTISE 
Finnish know-how and ice expertise are a result of Finland’s Arctic geographic location 
in Northern Europe. Finland, in order to survive and compete,  requires winter-navigation, 
complete with icebreakers to maintain open shipping lanes during its long winters. 
Finland is known for its icebreakers, and plays key roles in exporting its ice expertise and 
Finnish know-how to nations and companies that use ice-class ships and offshore and 
subsea technologies.  
 
Finnish innovation and development in AMT has evolved over the last hundred years or 
so and is being reinvented mainly in icebreakers. Finland has earned its reputation for 
designing, testing and building icebreakers that use ‘brute force’ to break Arctic ice 
(Turunen & Partanen 2011). Finnish AMT consists of products and services, referred to 
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as ‘Arctic marine technology’. In this study, the main topic is referred to as either AMT 
(mainly produced outside Finland, but also serves as the global term used by Arctic 
players) or FAMT (produced inside of Finland and within its networks of cooperation). 
Finland’s AMT has received much attention and is playing a pivotal role in Arctic 
transport and logistics.  
 
This study of Finland’s Arctic marine technology is investigated by utilization of Policy 
Delphi and other future studies techniques to produce foresight about the essential and 
important sector. What is foresight? According to the authors of a regional foresight study                
“Foresight is a systematic, participatory process, involving gathering intelligence and 
building visions for the medium-to-long-term future, and aimed at informing present-day 
decisions and mobilising joint actions.” (Miles & Keenan 2002).  
Principally, this is achieved by Policy Delphi as the ‘systematic’ methodology combined 
with analysis and interpretation of trend development, weak signals and wild cards. The 
information obtained regarding these future studies techniques on the topic of FAMT 
involves formation of expert panels in two rounds with feedback in between the rounds. 
The ‘gathering of intellegence’ is conducted using quantitative, qualitative and mixed 
methods in thorough interviews using themed questions in a pilot survey and a real-time 
Delphi questionnaire survey. ‘Building visions’ are constructed to 2030, the prescribed 
time frame, through integration of results to produce a synthesis of data by analysis.  
In Policy Delphi, the aim is to produce expert recommendations for decision makers in 
the present that may serve to ‘mobilize’ action plans for implementation to ensure 
ongoing success in the FAMT sector. Therefore, the ensuing foresight is a result of  
rigorous interviewing by expert panelists for the topic field of FAMT.  
The resulting research process produces the FAMT foresight that highlights glimpses of 
probable futures and Arctic possibilities to be seized on by the main decision makers 
within the sector or those regulating FAMT.   
Early on a decision was made to mainly interview English-speaking experts in the United 
States and Canada, both Arctic nations that use AMT. Additionally, the idea was to do 
research to benefit Finnish interests. To accomplish this task, it was also decided to 
interview, hopefully an equal number of Finns, who are experts in FAMT.  With the 
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foresight method selected, Policy Delphi would exploit an examination of the differences 
between the two groups: ‘Finns’ and ‘Foreigners.’ Panel experts from the US and Canada 
are well versed in Arctic matters including the topic of FAMT, however they have their 
own AMT base. They build their own icebreakers, offshore rigs and subsea systems. 
Because of distinctive differences in Arctic ice thickness, North American icebreakers 
plying the Northwest Passages (NWPs) are designed differently as compared with vessels 
being designed and built in Finland for the more open and ice-free Northeast Passage         
(NEP). But, icebreakers often use Finland’s AMT cluster for consulting, design and 
testing of icebreakers prior to construction. The ‘Foreigners group’ should evaluate SPTS, 
weak signals, and wild cards and the SWOT analysis somewhat differently than the 
‘Finns group,’ who work within the FAMT cluster. By examining the differences, it is 
hoped to construct more reliable data for the FAMT cluster. This should allow for a more 
accurate account of the differences between the two groups, and for decision makers in 
FAMT to better understand the competition. 
The environmental changes in the Arctic climate and warming trend are producing strong 
prospective trends (SPTs), see definition in glossary (Myllylä 2008, 14; see also Myllylä 
2007, Toivonen 2004, Naisbitt 1982).   
The most discernible strong prospective trend (SPT) is the long-term general downward 
trend of sea ice retreat that is demonstrated annually by a receding Polar ice cap with year 
to year variations by Landsat photographs. The ice-free seasonal openings are allowing 
for historic transits along the famed NWPs and NEP containing oil and gas and minerals 
shipped to market. This historic Arctic transformation is allowing greater commercial 
exploitation by opening up the seemingly boundless store of resources in the Arctic 
Region for global industrial uses.   
 
The economic possibilities of Arctic ‘resource extraction’ are made possible largely with 
Finland’s AMT cluster producing ice-class vessels; offshore platforms and subsea 
technologies; and other complimentary products and services required therein as 
components and sub-assemblies. The other SPT, according to several Round I panelists in 
this research: “the main driver in the Arctic is increasing prices for commodities and raw 
materials. (Ellis & Brigham 2009 and Brigham 2011 & 2012).” SPTs influence the 
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foresight such as the ongoing trend of globalization creating strong demand for Arctic 
resources and with an increasing global population, although to a lesser extent.  
 
The above mentioned SPTs should be favorable for FAMT, assuming there is peaceful 
cooperation in the Arctic. The climate change in the Arctic has opened the Arctic sea 
routes seasonally for a couple of months. The Arctic’s future will make the Arctic Five 
nations even richer. The environmental, economic and transportation dynamics requires 
continual and ongoing innovation and development for FAMT products and services. 
Arctic players engaged in bringing energy, resources and raw materials to global markets 
to a large degree are using Finland’s ice technology, especially in the marine sector. The 
Finish AMT cluster is in a global leadership position and its success is built upon key 
factors of experience, know-how and ice expertise. One key design and engineering firm 
has over a half century of ice data that should help the cluster to boost exports beyond to 
2030.  
 
1.1. AIM OF RESEARCH 
The aim of research is to examine Finland’s Arctic marine technology cluster in order to 
determine its foresight to 2030. Factors of competitiveness play an important role in 
success of FAMT in terms of Michael E. Porter’s new paradigm for nations and clusters 
to gain a “competitive advantage” (Porter 1998). Marja Toivonen’s concept of strong 
prospective trends (SPTs) is linked to Porter’s model, especially how future studies 
techniques, such as weak signals and wild cards may impact a cluster’s development path 
and potential futures. This is discussed in more detail in chapter 2. Policy Delphi method 
with other future studies techniques: strong prospective trends, weak signals, wild cards 
and a SWOT analysis are utilized in this research process to produce foresight for FAMT 
in both rounds. 
Leading experts are interviewed from around the world, including Finland in Round I and 
Round II.  After the pilot survey in Round I, feedback is produced in the form of an 
executive summary and sent by e-mail to all participating and prospective panelists. Next, 
the second panel is queried using an online real-time Delphi questionnaire survey in 
Round II. The results and findings are evaluated quantitative, qualitative and mixed data 
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in the analysis and interpretation that leading to the subsequent foresight, shaped by an 
integrative process.  
Foresight is produced by the Delphi experts synthesized into group intelligence—an 
assessment produced and interpreted with the other employed future studies techniques—
to consider future possibilities, probable futures and even preferable outcomes. 
 
1.2. RESEARCH QUESTIONS 
   The two main research questions for this study are:  
1. What does utilization of the Policy Delphi method and other future studies 
techniques reveal about the foresight for Finland’s Arctic marine technology? 
 
2. What are the future possibilities, probable futures and (preferable futures) for 
Finland’s Arctic marine technology to 2030? 
This Policy Delphi is structured with three basic divisions to evaluate Finnish Arctic 
marine technology:  
 What is the vision for the FAMT cluster to 2030?   
 What are the impacts on FAMT and its competitiveness and potential futures (by 
using future studies techniques: strong prospective trends, weak signals, wild 
cards and SWOT analysis)?  
 What are the recommendations for Finland’s AMT cluster to those in charge of 
decision making in corporate or governmental circles?  
The “role of government” is a critically important function for health of the FAMT cluster 
(Porter 1998). What recommendations would the selected experts give regarding FAMT 
to those in corporations and governmental Ministries in Finland?  
The basic threefold queries—vision, impacts and recommendations—structures the 
questionnaire themed surveys used in each round, and underlying structure is used to 
organize topical themes. However, the three questions are not formal sub-questions. The 
resulting synthesis or ‘structured group communication’ forms the foresight of probable 
futures or future possibilities with interpretation by using inductive and deductive 
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reasoning in the “Lockean and “Liebnitzian” tradition of philosophical epistemology. 
(Kuusi 1999; and Linstone & Turoff 2002). 
In the analyses section in chapter 5, the differences between the ‘Finns group’ and the 
‘Foreigners group’ are explored, examined, weighed and interpreted to determine the 
FAMT foresight to 2030.  Why it is so important to use Policy Delphi as a method? 
Because it seeks all possible answers to a topic, even if the comments are diametrically 
opposed. Seeking differences may be incorporated into the design of questions contained 
in the questionnaire surveys. The purpose is to expose the differences and to avoid an 
‘artificial consensus’ typical of committees. (Linstone & Turoff 2002).  
In this study, finding differences among panelists is done intentionally for the sake of 
comparisons between the two groups. It is the hope that the ensuing foresight and 
subsequent syntheses of data will help to enhance Finnish interests. Policy Delphi allows 
opposing viewpoints to ‘get everything put on the table’ (Linstone & Turoff 2002). Thus, 
Policy Delphi seems more suitable than classical Delphi, which seeks to form                   
a consensus. Finally, it may be more useful for action planning for FAMT firms, the main 
FAMT cluster, and by those involved with policy making affecting FAMT by assessing 
the real-world of Arctic marine technology.  
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Figure 1.  Diagram of map (not to scale) of the Arctic Region depicting reduced sea ice extent (summer) 
and Arctic sea routes: “Northwest Passage” and “Northern Sea Route”; oil reserves and Arctic and sub-
Arctic fish populations (Source: gCaptain 2013). 
 
BACKGROUND 
In (Figure 1) above shows the accessibility of the Arctic Region by two main sea routes—
the Northern Sea Route and the Northwest Passage. The NWP should be plural (NWPs) 
because there are alternate routes through the Northwest Passages. Both the NEP and 
NWPs require ice-going vessels. Additionally, the Arctic may be full of potential 
conflicts between energy production and maritime traffic with fish populations, especially 
considering anticipated increases in maritime traffic to 2030. How will economic 
development impact on human life, especially of indigenous peoples living along the 
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Arctic rim countries? What is good for oil exploration has the potential to wreak havoc on 
the environment. 
 
What exactly is ‘Arctic marine technology (empirically)?’ In this inquiry AMT is 
investigated within the broader context of Arctic players—nations with Arctic interests, 
oil and gas companies, megaprojects, mineral companies…et cetera. Finland is a global 
leader and exporter of Finnish Arctic marine technology with market dominance of sixty 
percent in icebreakers and other ice capable ships, according to Arctech’s official website 
(2014). Finland’s AMT cluster is essential to the economic health of Finland’s main 
shipping sector. FAMT is located within its coastal harbor areas per the definition. FAMT 
is especially important with less demand for luxury liners, Finland’s specialty since 2008.  
 
However, according to one panelist: “demand is increasing for luxury liners…Finland 
should seek new orders for luxury liners.” Cruise ships are essential for employment of 
ship workers and for the retention of highest levels of skill-sets in shipbuilding. Finland’s 
cruise ships developed since the 1970s. Finland’s shipping sector has gained vast 
experience from its past constructions of the world’s most impressive luxury liners. The 
same panelist believes that “luxury liners are also a part of Finnish AMT.”(Myllylä & 
McEwan 2013). 
 
Finnish Arctic marine technology must be empirically defined in terms of real companies 
with global exports and innovative products to play a key role in the economic 
development of Russia’s North. What is Finnish Arctic marine technology (FAMT)? In 
short, FAMT is icebreakers, offshore platforms and subsea technologies and other related 
products and services essential for the task of Arctic development.  
 
Finnish Arctic marine technology is very important for turnover, employment and tax 
coffers. However, it is a current topic but just beginning to be in the media headlines. 
Arctic ice melting has made resource extraction more accessible, requiring FAMT—
designed and built for navigation in icy waters or ice resistant offshore platforms.  It is 
considered to be an important source of jobs for the future of Finland and Russia. But, 
there is the question of funding in Finland that is the subject for debate.  
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Most of the literature exists in the form of industry brochures, trade journals, despite all 
the media hype of the famed North-East Passage. The topic is still quite current and is 
complex. Thus, the rationale for utilizing Policy Delphi was selected as the main 
methodology for research to produce foresight to 2030.  
 
In order to produce foresight, panels of experts were queried and interviewed in a themed 
pilot survey, and later in a real-time Policy Delphi questionnaire survey in two rounds— 
with feedback in between rounds. This is discussed in detail in chapter 4: “the Research 
Process.” The inquiry produced results and findings discussed at length in chapter 5: 
“Analyses of Data.” Generally it details about AMT produced, and for most experts this 
means using FAMT for all their needs or various functions. Hearing comments and 
arguments by experts from around the globe allows the author to ‘paint the backdrop for 
the Finnish AMT cluster,’ as discussed by a leading academic expert.  
 
There are marked differences on how to solve technological problems in the harshest 
environments of the Arctic Region by Arctic nations constructing ice-class ships. To sum, 
it has much to do with geography of the overall Arctic Region and its sub-regions 
impacted by weather and water currents of the Arctic Ocean and proximity to Greenland. 
A critical factor such as the flow of the Gulf Stream and its currents impact on the 
Northeast Passage creates ice-free conditions through much of the Barents Sea. In short, it 
has much to do about how to navigate through ice of varying thicknesses and types and 
this impacts the types of ice-class vessels designed to sail in the Arctic and every detail of 
the ship from engines, fuel type, size, weight, even to specialty paints…down to the 
propellers. 
 
The Gulf Stream bestowed Russia with an ice-free port for its Northern Fleet during the 
Cold War based in Murmansk Port, on the Kola Peninsula. However, climate warming is 
often cited as having caused the opening of Russia’s Northern Sea Route—the NEP—
with the rising temperatures in the Arctic and ice retreat, resulting from global pollution 
from human activities and other complex phenomena.  
 
In 1998, Neste Oil’s ship the Uikku made a historic passage along the famed Northeast 
Passage. Neste Oil also made another important Arctic trip on 5 October 2011 with their 
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ice-class oil tankers (Neste Oil 2014). ‘Ice-class ships sailing along the NEP have done 
so with little if any assistance from Russia’s powerful nuclear-powered icebreaker’ 
operated by Rosatomflot, commonly referred to as Atomflot, according to a leading 
FAMT panelist. ‘This may usher in a new era for shipping along the formerly closed 
Northern Sea Route during the Cold War, with a new sea route for Eurasian trade that 
takes one week less than going by the Suez Canal route and is nearly one third shorter.’ 
(Astill 2012, 14-15). 
     
Laurence Smith (2010, 130-131), author and geographer stated: “Our climate models had 
been preparing us for a gradual contraction in Arctic sea ice—and perhaps even ice-free 
summers by 2050—but none had predicted a downward lurch of this magnitude until at 
least 2035.” ‘The scientific team studying climate change with computer models were 
shocked that the Arctic Ocean’s sea ice cover might recede more quickly than 
anticipated.’ (Smith 2010, p 131).   
 
The historical opening of the famous “Northwest Passage” occurred in September 2007 
creating possibilities for Arctic enterprise in extraction of resources and tourism (Smith 
2010, 130). This historic event created opportunities that benefited the leading companies 
and SMEs of Finland’s AMT cluster and in particular—Aker Arctic Technology, Inc.   
 
“Ice is the question” according to Mikko Niini, Senior Advisor, formerly Managing 
Director of Aker Arctic Technology Inc., in a discussion about Arctic ice variability. His 
firm is one of the leading FAMT firms with its teams of consultants, designers, engineers, 
naval architects and ice-model testers with a state-of-the-art testing facility (2012). Due to 
the two mile thick ice shield on Greenland and its geographic location the ice is thicker in 
the United States Alaskan Arctic and the Canadian Arctic, consisting of thicker multi-
year ice, as compared with the mostly one year ice formed during winter along the North-
East Passage, thus the NSR is more accessible during its ice-free summer.  
Assistance of ice-going ships is essential, because ice-free waters are open only for a 
short season that varies from year to year, roughly August to September and is expected 
to be extended for a longer duration. Winter sea ice is comprised of one-year ice and 
multi-year ice formations. Sea ice formation will continue to form each year seasonally, 
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until the Arctic is completely ice-free during its warmest months that will be extended 
from two months to a month or more. (Smith 2010).  
Aker Arctic’s Mikko Niini and their team have received accolades from AMT and FAMT 
users by consulting, designing ice-model testing and for their project management over 
the construction of sophisticated and innovative: icebreakers, offshore structures and 
subsea technologies. The firm is well equipped to expand their business in the FAMT 
cluster. This is because of their excellent engineering and ice-technology, expertise and 
know-how based on years of experience producing ice-class ships designed specifically 
for oil and gas and mineral extraction related industries and icebreakers used at both the 
North Pole and the South Pole.  
 
Arctic challenges and obstacles abound preventing easy access to resource extraction and 
mining in certain areas. Ice-management for offshore rigs consists of ice-class ships 
encircling the rigs in order to break up the ice to avoid ice buildup that can damage rigs 
and its subsea systems. Additionally, Arctic economic activities may be disruptive to 
indigenous people’s groups.  
 
Former Prime Minister Esko Aho has raised the ‘concern for the indigenous people’s 
rights to their land and livelihoods.’ As a Chairman of Finland’s Arctic Society, Aho told 
“that the Arctic has estimated thirteen per cent of the Earth's undiscovered oil reserves 
and thirty percent of natural gas reserves.” In addition, there are ‘valuable raw materials 
such as metals. With the current climate change, exploitation of natural resources will be 
facilitated in the near future.’ The issues in the Arctic are “much more difficult, complex 
and challenging than elsewhere”, ‘although environmental considerations’ may be the 
“most critical.” Esko Aho claimed that “these problems that can be solved in an ethical 
way.” “The means to do this can be found in this long-term project, protests do not matter 
on an ad hoc basis.” (Aho 2013). 
‘Environmental activism has not stopped the Arctic development. However, it has 
brought media attention to the possibilities of the destruction of Arctic ecosystems to 
world citizens. This has been highlighted by incidents such as the Arctic Sunrise  
attempted scaling of a rig in Russia’s North,’ according to Esko Aho on 23 October 2013, 
at an European Union’s seminar on ‘Arctic Possibilities.’ (Aho 2013).  
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Should there be an oil leak at an Arctic offshore well using Finnish ice management—the 
question has been raised by a former Finnish official: Merja Kyllönen, as to whether or 
not ‘the taxpayers of Finland would have to share in the liability of oil spills’ (Hirvasnoro 
2013). This topic is current and at times even heated and vitriolic. 
 
1.3. GEOGRAPHICAL SCALES—the Arctic Region and the Finnish AMT Cluster  
The Arctic Region is a vast physical space. In this study, the Arctic Region is the 
geographic scale utilized for the Arctic and its sub-regions. The Arctic may be defined in 
different ways. However, spatially it is the place of vastness of the Arctic Ocean 
surrounded by its smaller seas: Barents Sea, Kara Sea, Laptev Sea, East Siberian Sea, 
Chukchi Sea, Beaufort Sea, Greenland Sea, and Norwegian Sea.  
Arctic marine technology is required for the Arctic Region and sub-regions because of 
harsh Arctic conditions and ice, whether produced in Finland or not. Conventionally, the 
simplest way to define the Arctic Region is by the Arctic Circle. It is dominated by the 
Arctic Ocean and the eight Arctic nations based on 66 degrees and 32 minutes North, a 
latitudinal circle around the North Pole. (National Snow and Ice Data Center 2013).   
A more sophisticated way to define the Arctic Region is stated below by Pauli Jumppanen 
(2013). This definition is much more inclusive based on Arctic conditions located there 
and in the sub-Arctic regions depicted on Map 2:   
“The concept of the Arctic region varies in its usage.  It is often defined as the area                               
north of the Arctic Circle, with the July isotherm below 10 degrees Celsius, or north 
of the northernmost tree line. Politically, the Arctic region includes the northern 
territories of the eight Arctic states: Canada, Denmark/Greenland, Finland, 
Iceland, Norway, Russia, Sweden, and the United States. A part of these territories 
belong to the subarctic region that covers most of the northern taiga forest area 
and generally locates between 50 °N and 70 °N latitudes.” (Jumppanen 2013, 1). 
27 
 
 
Figure 2.   Arctic region is defined by 10 degree Celsius Isotherm in July depicted by a red amorphous line 
(shown as gray in black and white printing).  The Arctic Circle is clearly delineated as an older version of 
defining the Arctic (Source: National Snow and Ice Data Center 2013) Map not to scale. 
The Arctic region is being planned for greater economic activities by public and private 
actors intensified with the warming trend brought on by climate change (Finland’s Arctic 
Strategy 2013) and (IPCC 2013). The result of Arctic warming is the seasonal and the 
overall trend is towards increasing ice retreat of the polar ice cap. James Astill, in a 
special report in The Economist, states: “The Arctic is warming twice as fast as the rest of 
the planet. The retreating ice offers access to precious minerals and new sea lanes…” 
(2012, 3).  This is making transport and logistics more accessible with the opening of 
Arctic sea routes—the possibilities of ice-free shipping lanes at some point in the future.  
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Figure 3.  Landsat by NASA-Goddard: sea ice minimum 2005. Arctic coastal areas are becoming 
seasonally ice-free or near ice-free conditions opening up the Arctic Region to resource extraction of oil and 
gas, minerals, natural resources and fisheries. The Northeast Passage is more accessible requiring less 
icebreaking assistance during summer months in August to September, than the Northwest Passages due to 
currents, circulation, narrower straits and proximity to Greenland resulting in thicker ice and ice floes 
(Source: NASA-Goddard 2013). 
However, ice-free openings along shipping Arctic sea routes are unpredictable for just-in-
time cargo ship deliveries. To the present, shipping companies have been unwilling to 
establish Arctic shipping routes and schedules due to the uncertainties of the Arctic sea 
routes, but this may be changing. Mikko Niini, Senior Advisor, former Managing 
Director of Aker Arctic Technology Inc., commented on viability of transport along the 
Northeast Passage: “We are no longer far from the start of regular commercial transport. 
The trip takes seven days, while it would take 40 days on the route through the Suez 
Canal.” (Aaltonen 2012, 2).  
Spatially the Arctic Region is a geographical scale, where ice technology or AMT is 
‘used’ by Arctic players. ‘AMT demand’ consists of users of ‘AMT, inclusive of FAMT’ 
utilized for exploration, production and transport within the Arctic space: primarily for 
exploitation of energy, minerals, renewable resources (timber, fisheries, et cetera) 
mentioned above in (Figure 3).  
 
29 
 
Both AMT and FAMT are defined by ice-going vessels, oil and gas platforms and subsea 
technologies and other types. AMT is typically manufactured outside of the Arctic and 
outside of territorial Finland. AMT has different global locations or geographical scales 
of ‘production’ that supply AMT used in the icy waters of the Arctic. AMT production is 
not the focus of this paper.  
FAMT is produced mainly within Finland or just across the border in Russia, through 
cooperative partnerships and is the focus of this study as a geographical scale. Finland’s 
supply or production of FAMT is located predominately in the Southwestern and 
Southern portions of Finland. It is produced at the main ports along the coasts of the Gulf 
of Bothnia and the Gulf of Finland where the shipyards are located: Helsinki, Turku, 
Rauma, Pori and Oulu.  
 
Figure 4. Shown are Finland’s geographical scales of Finnish AMT production, both sub-national and 
international. For example, Arctech has future plans for using Russian shipyards in St. Petersburg and the 
new shipyard on Kronstadt in addition to Finnish shipyards. The Murmansk hub is a vital link to the 
Northeast Passage for transport to global markets (Map credit: Finland 1996 CIA map, modified by the 
author). 
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Geographically, this is the FAMT ‘scale of production’—mainly a sub-national 
geographical scale that is narrowly defined by the main shipping cluster and its mini-
clusters of SMEs. It is also, an ‘area of the use of FAMT’ by ice-class ships to ply the 
frozen Gulf of Finland and Gulf of Bothnia for winter-navigation—keeping shipping 
lanes open. The map below depicts the areas of production mostly within Finland, and 
close to the border, in nearby St. Petersburg shipyards located in Kronstadt. The main 
Arctic hub is the Murmansk Port, a transport and logistics hub. Murmansk is used for 
trans-shipments from points along Russia’s Arctic North and a place where offshore 
platforms are assembled. (Oulu NSR Conference 2012). 
The other geographical scale is somewhat narrower than the entire Arctic Region, for 
example Russia’s Arctic North. This is deemed strategically important for FAMT based 
on its production of oil and gas, mineral and natural resources requiring Arctic sea 
transport, and transport and logistics for internal and external markets depending on their 
location geographically in and around the Arctic rim nations. Russia’s North is spatially 
used by Finnish AMT for resource extraction and, increasingly for the production of oil 
and gas offshore platforms and subsea technologies, refer to chapter 5. 
 
1.4. WHAT IS FINNISH ARCTIC MARINE TECHNOLOGY? 
In order to truly understand what Finnish Arctic marine technology is, one needs to know 
that FAMT is in a global leadership position. Certainly, this is true in ice-breakers, other 
ice-class vessels in Arctic marine technology, according to many panelists as producers 
and users of FAMT. As mention previously, Arctech’s website claims a dominant share 
in the global market with its share of ice-breakers (Arctech 2014). Worldwide there are 
100 icebreakers or ice-class ships and FAMT has designed and built 60 out of 100.   
Industrialized nations produce AMT, mainly Arctic nations and Arctic players and those 
in networks of co-operation in Asia in countries such as Korea, Japan and Indonesia.   
This study focuses on FAMT mostly ice-class ships—used to support economic activities 
in the Arctic. FAMT also includes offshore platforms and subsea technologies—the last 
two groups to a lesser extent. FAMT is inclusive of a category referred to as ‘other—an 
array of products and services used as components and service activities in ice-class ships 
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or offshore platforms, and environmental technology—products and services of ‘clean-
tech’ companies used in oil spill recovery operations.  
AMT represents literally thousands of products largely centered on the Arctic oil and gas 
business. Oil and gas AMT is engineered for exploration and production for use in the 
Arctic. They are largely developed and improved by trial and error by the largest oil 
companies’ by their in-house research and development (R&D) departments. This study 
and its interviews with key personnel of Arctic oil players revealed that Arctic oil 
companies are deeply concerned about the environmental safety; to avoid harmful and 
damaging publicity resulting from oil spills and leaks. Arctic oil companies engineer 
products to prevent environmental degradation by conducting advanced research and 
development in the field. One such expert stated that Arctic “oil companies take 
extraordinary measures to protect the environment by preventative measures.”  
In this study the focus is FAMT: with three primary divisions (icebreakers and ice-going 
vessels; offshore and subsea technologies and another category of ‘other’) in Round I and 
Round II. However, in Round II, the three broad categories are divided into ten 
categories. This refinement was done at the request of the project managers of ELY-
keskus (Centre for Economic Development, Transport and the Environment) for their 
project and the author’s collaboration with Myllylä for his Report 13 (2013).  
The FAMT industrial base includes an array of supporting businesses within the cluster 
consisting of the ‘mini-clusters’ of small and medium enterprises (SMEs). These 
companies produce specialized products that are integral to FAMT. The ten categories are 
much more helpful in the data gathering process by expert panelists, whether they are 
from Finland or elsewhere. The experts were carefully selected, specifically for their 
expertise of FAMT and Arctic related issues, based on criteria mentioned in chapter 4. 
This research uses ten divisions of FAMT, because the project managers of ELY-keskus 
wanted specific data relating to the ten most important divisions within FAMT (according 
to lines of products and services), not general data. The specializations within each 
division is driven by competitiveness as a mini-cluster within the main FAMT cluster. 
This relates to Porter’s “diamond theory” (1998) and Toivonen’s SPT theory where a 
development path may be impacted by weak signals and wild cards affecting “potential 
futures” (Myllylä & Tykkykäinen 2007 and Toivonen 2004), discussed in chapter 2. 
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The ten divisions that are examined within the topic field of FAMT: 1) ‘weather 
forecasting services and monitoring systems; 2) oil and gas exploration; 3) ship 
navigational systems and controls; 4) ICT: specialized software for real-time monitoring 
and ship controls; 5) transportation and logistics to ply Arctic sea lanes; 6) offshore 
technology for oil and gas, wind and other; 7) shipyards for construction of icebreakers 
and other specialized ice-class vessels; 8) subsea technology, below-the-ice technology; 
9) environmental technology products; and 10) safety and rescue products—as the most 
important for exports.’ (concept: Myllylä 2012 and Myllylä 2013).  
 
Figure 5.  A photograph of a Russian offshore drilling platform being towed (Credit: Offshore Technology 
Centre 2014). Some FAMT projects are produced in Finland, but assembled in Russia under partnership 
agreements with Russian companies.  
Noteworthy in this research, AMT or ‘other AMT’ are deemed important simply, because 
of competition. Interviews consisted of experts involved in either AMT or FAMT or both. 
These interviews conducted outside of Finnish circles are tremendously helpful to provide 
a backdrop to the central focus of FAMT production—hopefully to boost exports to meet 
future demand. AMT is also important to the development of the Arctic by United States 
and Canadian companies. Pioneers in the quest to develop Arctic oil developed their own 
sophisticated engineering and production methods starting in the late 1950s in Alaska. In 
the mid-1960s, Shell Oil company drilled the first of Alaska’s offshore well in 1963 in 
Cook Inlet  (Shell 2014, 2). 
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Chevron developed an innovative blowout preventer with special safety features that was 
tested at Chevron’s Arctic Research Centre (Bailey 2010). The idea is to produce reliable 
technology—to avoid another wellhead disaster in the Arctic of the magnitude of the 
huge oil disaster in the Gulf of Mexico in 2010 by British Petroleum called the Deepwater 
Horizon well-head blowout, also known as the Macondo disaster. The oil companies 
operating in the Arctic continue developing specialized AMT to prevent and minimize 
ecological or environmental disaster in order to be good corporate citizens. ‘There is        
a need to have blowout preventers called, ‘a capping stack’ located on a ship near each 
offshore drilling site to minimize ecological damage’ according to one panelist, an oil and 
gas expert. This has quickly become an industry practice for Arctic drilling required by 
US regulations.  (Bradner 2013).  
Arctic players in oil and gas, for example, Cairn Energy take protective measures in their 
drilling efforts in Greenland’s waters, despite their smaller capitalization. However, this is 
to the dismay of the environmental organizations: Greenpeace, World Wildlife Fund, and 
the Pew Environmental Trust concerning any Arctic oil and gas companies, but especially 
those deemed inadequately capitalized for the costs and damages of a sizeable cleanup.  
Environmental organizations are protesting vociferously through all media venues against 
nearly all types of Arctic exploitation. Furthermore, the Environmental NGOs campaign 
negatively against smaller oil companies, deemed as lacking sufficient capital to 
effectively handle an oil spill or well-head leak that would bring devastating 
consequences to fragile arctic ecosystems. (BBC 2011).  
Finland and its neighbor Norway are extremely pro-environment, with projects being 
developed in the Barents Sea, the Kola Peninsula and in the Arctic. Their efforts are 
impacting the way Russia is developing its oil and gas business with best management 
practices. Russia’s Rosneft and Statoil (the latter Norwegian company known for having 
the best environmental track record) entered into an agreement to protect the Arctic: 
“Declaration on Protection of the Environment and Biodiversity for Oil and Gas 
Exploration and Development on the Russian Arctic Continental Shelf relative to future 
offshore exploration. (Frontier Energy 2012, 9).   
Offshore and subsea technologies are essential for production exported to Russia’s 
leading oil and gas companies by Finnish companies within the FAMT cluster and mini-
clusters of the SMEs. Finnish experts and some parliamentarians think that Finland’s 
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future is tied to Arctic developments and this is elaborated in Finland’s Arctic Strategy 
(Myllylä 2012). 
Furthermore, AMT exists because of the geography of the Arctic, with the main Arctic 
nations: the United States, Canada, Denmark (Greenland and Faroe Islands), Iceland, 
Norway, Sweden, Finland and Russia. AMT also exists because of the competition for 
Arctic resources and the demand to develop products that will perform and not fail due to 
thickness of ice, extreme weather, cold temperatures, icy conditions and darkness. The 
resulting market segmentation of AMT and FAMT is to meet existing and future demand 
within areas of ice expertise and within the constraints of time, money and production 
costs.  
In fact, ‘ice breaking ships constructed for Norilsk Nickel were built in Germany during  
a period when Finland’s shipyards were actively constructing luxury liners; a lucrative 
industry for the Finnish shipping sector and supporting companies,’ according to             
a leading FAMT panelist. Thriving shipbuilding, confirmed by panelists includes the 
following Asian nations: South Korea, Japan, China and Indonesia, in what this paper 
calls “networks of cooperation.” Asian shipyards are highly competitive, predominantly 
with much lower wages, than their counterparts in Europe. Korean shipyards capacities 
allow them to build the largest oil tankers and LNG ships achieving economies of scale. 
Additionally, Russia constructs ice-class oil tankers in St. Petersburg at Admiralty 
Shipyards, for example the Mikhail Ulyanov and the Kiril Lavrov were designed and 
tested by Aker Arctic but built in Russia (Ship-Technology 2014). 
The International Maritime Organization (IMO) is in the process of drafting the Polar 
Code that is bringing standardization to icebreakers. According to one panelist, the 
difficult points are trying to draft sensible environmental and efficiency requirements. 
Icebreakers require powerful engines to break thick Arctic ice.  Another panelist stated     
‘the Polar Code will bring order to the design and construction of polar-class ships able 
to ply Arctic waters.’ Presently, there are a variety of ice-class standards that are regulated 
by the International Classification Societies and by the rates charged by ship insurance 
companies, in a pre-Polar Code adoption period. ‘The Polar Code adoption may take 
place in the next several years, assuming agreement can be reached on environmental 
standards and efficiency issues,’ according to another panelist.  
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Many of the leading developments in AMT have also been developed by the Norwegians 
over many years with specialized AMT products to service its extensive oil and gas 
industry that began in the North Sea. Norway and Russia settled their maritime boundary 
dispute in 2010. This will likely spur investment capital into developing oil and gas 
projects in the Barents Sea, off the coast of Norway and Russia in the Arctic.  
Finland’s FAMT cluster has carved out a market niche in the production of offshore rigs 
used in Russia’s oil and gas producing regions along its Arctic rim. ‘The offshore 
business is highly profitable with drilling platforms costing nearly one billion dollars,’ 
according to an oil expert. Offshore platforms have a wide array of sophisticated 
engineering solutions for subsea anchoring and spill prevention including subsea 
pipelines. 
Finland has benefited economically from Shtokman.  For the Shtokman offshore well to 
operate efficiently, it will need ice-class support vessels, the type of projects Aker 
Arctic’s specializes in for the design, testing and construction. “One such ship would cost 
around 100 million Euros. The total value of all service vessels is nearly one billion 
Euros,” says Mikko Niini, Senior Advisor, former Managing Director of Aker Arctic.” 
(Helsingin Sanomat 2009)  
Steel Done Group earned 10 million Euros by supplying steel structures used for two 
platforms, subcontracted out to a ship-building company in Vyborg, Russia, and were 
transported to Murmansk for final assembly. Once assembled, the gas platform was 
navigated and towed by powerful tugboats from the Murmansk Port to its drilling 
location, at the existing Shtokman platform.  (Helsingin Sanomat 2009). 
Finpro is a consultancy that benefited through its consulting services from its 
participation in Nord Stream. (Helsingin Sanomat 2009). Nord Stream is bringing 
Russian gas from Shtokman offshore to Germany by subsea pipelines constructed and 
laid in situ by a specialized production ship that built the subsea pipeline within its hull 
and submerges it to bottom of the Baltic Sea as it steamed along the Nord Stream pipeline 
underwater sea route.  Shtokman gas is coming online in 2014. (Bambulyak & Franzen 
2009, 18-20).  
The leading FAMT companies were similarly evaluated by ten categories in (Arctic 
Maritime Technology Foresight—from the SME point of view in Uusimaa) (Myllylä 
36 
 
2013). Some companies produce ships controls and monitors. Two FAMT companies 
produce environmental equipment for the cleaning up of oil spills and leaks. Some FAMT 
companies are global leaders. Others manufacture every component of polar-class ships: 
from the specialized Arctic propellers and ABB’s Azimuth propulsion systems and to 
Wärtsilä’s heavy-duty ship engines.  
1972 marked the beginning of Finland’s offshore industry. In Prizztech’s 2013 Annual 
Report:  “Finland’s offshore industry is only 3 percent of the Finnish economy, with gross 
revenues of 1.6 billion Euros, employing nearly 5,000 workers in offshore and its 150 
related companies” (Prizztech et al. 2013). This type of Finnish-Russian partnership 
represents a win-win for historic neighbors Finland and Russia. It is beneficial to Finnish 
offshore interests and Russian oil and gas interests and is an example of cross-border 
cooperation. “We have over 30 years of experience in construction management with 
several successful deliveries of onshore and offshore projects to the former Soviet 
Union.” (Technip Pori 2014).  The offshore industry in Finland hopes to grow their 
businesses with their Russian partners to 2030 increasing revenues and jobs.  
The subsea technology business in Finland is nascent and is small in terms of GDP.         
A French company, a subsidiary of Korindo Group from Korea built at the EUPEC plant 
in Kotka the encased subsea pipeline in hardened cement for the Nord Stream project—    
a sizeable contract (Konttinen 2009).  Certainly, this work for subsea systems was within 
the geographical scale of production within Finland, but it was by a foreign company. 
However, it is considered FAMT in the age of globalization, by a foreign-owned firm 
providing Finnish employment.  
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2. THEORETICAL FRAMEWORK  
 
This chapter discusses the theoretical framework, research design and key concepts 
utilized in my geographical research. Some current topics lack sufficient literature, as was 
the case with my study. Thus, it was suitable for using the Delphi method, specifically 
Policy Delphi. The Delphi technique and Policy Delphi are considered as future studies 
techniques. The Policy Delphi method was combined with other select future studies 
techniques to produce foresight on Finnish Arctic marine technology.  
The research design and main techniques will be discussed generally with application to 
this geographical study.  
 
2.1. RESEARCH DESIGN AND THEORY 
This study began with discussions, and then was formalized in a collaboration wherein 
the author agreed to conduct expert interviews by contacting mainly English speaking 
experts from the United States (US) and Canada for my data gathering. This was 
expanded to include the main competitor countries either producing or using AMT: 
United States, Canada, Finland, Russia, Germany, Denmark (Greenland) United 
Kingdom, Norway and others.  
The pilot survey utilized in Round I for interviews served two purposes. One, it was used 
in our collaboration with Myllylä for Finland’s Ministry of ELY-keskus (Centre of 
Economic Development, Transport and the Environment) (Myllylä 2013) and, two, it was 
used for my thesis. (Please review the pilot survey for Round I, see Appendix 1).             
In addition, it was necessary to interview select Finnish experts to evaluate FAMT. Thus, 
two different groups were interviewed, creating the possibility for opposing ideas on each 
of the themes, as well as expressing preferences for AMT, produced outside of Finland 
and FAMT, produced inside of Finland. The inclusion of non-Finnish experts helps to 
paint a better picture of global AMT and its relationship to FAMT. It provided the key 
factors for Finland’s leadership position on a global scale of producing AMT in both 
rounds. The research design phase included countries producing AMT and FAMT such as 
Norway and Germany viewed by industry insiders as competitors. These competing 
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nations did not provide any experts willing to participate in either Round I or Round II, 
for example, there were no Norwegian and German respondents. 
The overall format served a dual function and was made original by the basic underlying 
question:  what are the implications of increased shipping along the Northeast Passage for 
the Finnish shipbuilding industry? Examination of the competition of AMT was deemed 
essential, by conducting interviews mainly with experts from the United States, Canada, 
Greenland, the United Kingdom, Finland and Russia.  Each country has its own unique 
position on AMT and FAMT. There are also differing insights into Arctic navigation 
routes: Northeast Passage, Northwest Passages and trans-Arctic crossings. The goal was 
to yield both quantitative and qualitative data relevant to the topic. Thus, queries about all 
Arctic navigation routes seemed critical encompassing the entire Arctic Region as the 
backdrop of FAMT. Excluded from this paper was Antarctica, as a geographical scale 
that also requires polar-class ships.  
As mentioned, previously, the three sections used I.) vision…, II.) impacts…, and        
III.) recommendations… in the Round I questionnaire are essential for Policy Delphi for 
the purpose to give guidance to policy makers. The three sections were used also in the 
RTD in the Round II questionnaire for the same exact reason. This basic pattern, a few 
key concepts and phases for the Round I pilot survey were inspired from Myllylä 
(concept: Myllylä) and was necessary for our collaboration. 
The aim of the research design was to evaluate FAMT, by using Michael Porter’s cluster 
analysis (1998) and Marja Toivonen’s (2004) strong prospective trends (SPTs) and using 
several well-known future studies techniques: weak signals, wild cards and a SWOT 
analysis (Round II only) in this Policy Delphi study to the year 2030.  
Toivonen’s doctoral dissertation on “strong prospective trends” (STPs) captures the 
impacts of trend development in this research upon Finland’s Arctic marine technology 
cluster (see definition in glossary). Please refer to (Figure 6). It discusses the interruption 
of a SPT or trend by the impacts of weak signals and wild cards. Her theoretical 
framework can be tied in with Porter’s “diamond model theory,” especially when looking 
at the importance that chance plays upon the business environment of the FAMT cluster 
or government policies on potential futures. The dynamic forces of SPTs, weak signals 
and wild cards affect the role of government to impact the cluster positively or negatively 
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at all scalar levels from local, regional, international and supranational. These phenomena 
can positively impact the development of innovation within the FAMT cluster impacting 
its potential future and competitiveness. (Toivonen 2004). 
Please refer to Figure 6: 
 
Figure 6.  Potential futures of Finland’s Arctic marine technology cluster is shown with expanded spatial 
scales: 1. sub-national—Finland, 2. international networks of cooperation—Russia, and 3. international 
networks of cooperation—Asia based on a “spatial development approach” with utilization of strong 
prospective trends (SPTs). “Development paths” are depicted showing impacts from weak signals and wild 
cards, affecting “factors of competitiveness” and productivity that may alter the “development path.” 
According to Porter, the success or failure on FAMT productivity either “promotes or impedes” the cluster 
(Porter 1998, 71). (adapted from Figure 2 Myllylä & Tykkyläinen 2007, 21; and Toivonen 2004, 10).  
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“Impossible futures” are not sustainable in the long-run. Thus, FAMT actors would likely 
seek to avoid an uneconomic, unproductive ‘impossible future’ (Myllyä & Tykkyläinen 
2007 and Toivonen 2004). Preferable futures are achieved by altering firm and 
governmental strategies within the cluster with proactive policies and interventions. 
Toivonen’s theoretical framework of SPTs is essential to develop foresight for the topic 
field, using analysis, interpretation and synthesis of data from the experts, using Policy 
Delphi and aids in action planning by the government. SPTs and trend development may 
help the FAMT cluster to better prepare for the future. SPTs and other future studies 
techniques may affect the probable outcomes or potential futures. Thus these techniques 
along with SPTS are indispensible to this foresight study. 
In Michael E. Porter’s book, “The Competitive Advantage of Nations,” he explains his 
economic model, called the “diamond theory.” He elaborates on a new paradigm of 
“competitive advantage” that fundamentally rests on productivity and wealth creation 
attributed to productivity gains over longer sustainable periods. His theory explains how 
to create national wealth and greater profits within industrial clusters that may enhance 
per capita wealth and even discretionary spending. These gains are typically tied to 
innovation and technological advancement within clusters that are tied to a particular 
geographic location, resulting from competition. A brief explanation of Porter’s diamond 
model follows. His theory is an attempt to answer the question: “Why does a nation 
achieve international success in a particular industry? (Porter 1998, 71) It can be further 
extrapolated to ask, why is there success in Finland’s Arctic marine technology cluster? 
His research points to four determinants of a nation that “shape the  environment” of the 
companies at the local level where they compete. The four determinants either  “promote 
or impede the creation of competitive advantage”, see (Figure 7). (Porter 1998, 71): 
1. “Factor conditions. The nation’s position in factors of production, such as skilled 
labor or infrastructure, necessary to compete in a given industry. 
 
2. Demand conditions. The nature of home demand for the industry’s product or 
service. 
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3. Related and supporting industries. The presence or absence in the nation of 
supplier industries and related industries that are internationally competitive. 
 
4. Firm strategy, structure, and rivalry. The conditions in the nation governing how 
companies are created, organized, and managed, and the nature of domestic 
rivalry. (Porter 1998, 71).” 
The dynamic forces operating in the business environment of the cluster are affected by 
two other components, such as chance and government. ‘Chance plays a role in the 
histories of clusters.’ Porter outlines seven elements on the “role of chance:” major 
‘inventions’; technological advancements (nano-technologies); oil price spike ‘impacts to 
input costs;’ dramatic changes in exchange rates; excessive demand both global or 
regional ; ‘Foreign government’ geo-politics; and impacts from major military conflicts 
(Porter 1998, 124-126). Likewise governments play an important role either ‘positively or 
negatively on the four determinants.’ Governments may influences or be influenced by 
the four determinants. (Porter 1998, 126-127). 
Porter’s in-depth research of (ten nations and their unique industrial clusters) has direct 
implications for the FAMT cluster based on staying competitive. To sum, factors for 
competitiveness and its resulting productivity rests on the complex interactions shown in 
“the Complete System” on the next page: 
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The Complete System
 
Figure 7. “The complete system” depicts Porter’s “diamond model theory” graphically with arrows 
indicating the interplay of dynamic forces between the four determinants and between chance and 
government on the four conditions, the four facets of the diamond. The role of government is essential to 
strengthening and building exports within a cluster, such as Finland’s Arctic marine technology cluster 
(Porter 1998, 127). 
The implications of Toivonen’s SPTs on businesses within the FAMT cluster are tied, 
linked and intertwined with Porter’s diamond theory and has repercussions for 
productivity and competitiveness. Porter’s seminal work is holistic and complex. The 
model may represent the best paradigm to explain wealth creation for a nation and its 
clusters, for example the FAMT cluster. Action planning by key actors within the FAMT 
cluster and politicians play an essential role to avert unwanted or impossible futures by 
necessary and even dramatic governmental interventions and tough policy choices. 
The experts’ invitation list for this paper was developed during my initial investigation 
primarily from articles published and lectures posted on the Internet and names advertised 
at Arctic conferences. Each expert was encouraged to nominate other experts based on 
their Arctic expertise on the subject topic that included a broad and deep understanding of 
Arctic issues and the subject topic of AMT based on their credentials and experience. 
Policy Delphi method is useful for harvesting ideas by recognized experts, select 
Graduate students with specialized knowledge on similar or related topic, members of 
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governing bodies and media. This panel selection method has been called the ‘snowball 
method’ and was the principal means of obtaining suitable respondents for this Policy 
Delphi study. Each expert received a letter of request, inviting them to participate in this 
research. The invitation letters were sent using the Internet by email. To enhance 
participation, follow-up included telephone, mobile or Skype reminders. 
The ‘competence-interest’ matrix was designed and augmented to ensure diverse 
representation from industry, academe, governance, media, and at differing scales: sub-
state, state, regional and international by both producers and users of AMT—to aid in the 
selection of panelists, (see chapter 4 for the competence-interest matrices used in both 
rounds). 
THEORETICAL FRAMEWORK FOR ACTION PLANNING 
Below is a diagram that shows the research design and overall Policy Delphi method 
process and other key concepts of future studies: SPTs, weak signals and wild cards.        
A business tool is used in Round II (a SWOT analysis for FAMT). The three elemental 
divisions necessary for Policy Delphi: vision, impacts and recommendations on the main 
topic are integral. The last phase of IV is for action plans developed by the main 
stakeholders and policy makers. 
Figure 8. Depicted in the diagram are research design and theoretical framework utilization of future 
studies concepts in the Policy Delphi in two rounds. Between each phase I through IV decision making 
occurs. Phase IV is the implementation of action plans for entities: governmental bodies, research and 
Environmental 
changes 
I. Vision of FAMT: 
SPTs, trends, Weak 
Signals, Wild Cards, 
SWOT 
II. Impacts to 
FAMT: to 
development, 
innovation and 
demand 
III. Recommendations 
for FAMT for  key 
actors producing AMT 
or e.g. national or 
institutional strategies 
and others 
IV. Action Plans: 
strategies for  
implementation 
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development centers, and the industrial AMT cluster and its mini-clusters. For example, this helps to 
explain government’s role in action planning in relation to Porter’s diamond model (Porter 1998 & 
Toivonen 2004 & Myllylä 2008) and (concept: Myllylä 2012). 
In (Figure 8) above, the flow diagram is explained as follows, by moving from left to 
right, to each phase in Roman numerals; all panelists are interviewed using the pilot 
survey with themed questions in Round I. Present are the underlying three-part structure 
of I) vision of FAMT in a changing Arctic Environment—assessed by using Policy 
Delphi with SPTs, weak signals and wild cards; II) impacts to FAMT to development, 
innovation and demand; III) recommendations for FAMT for development projects; and 
IV) actions plans would logically follow the previous steps, but are not included in this 
study.  
This flow diagram is used for Round II with a new panel of experts after evaluating 
feedback in the form of an executive summary. Again by flowing similarly left to right, 
step by step the real-time Delphi structural and themed questionnaire uses the same basic 
structure. Step IV is essential to maintain and strengthen the main clusters and mini-
clusters by the implementation of action plans to enhance the competitive advantage by 
increasing productivity.  
Action planning between phase I and II has created an impetus for innovation and 
development impacting demand. This led to the improvement of multi-purpose 
icebreakers that have been seized on by the private sector firms. Aker Arctic, an 
innovative forward leaning company is actively responding to longer durations of ice-free 
Arctic conditions in phase I, intentionally by new its designs. Action planning between 
phase II and III allows decision makers to reflect on the government’s role. What should 
the Finnish government do to strengthen FAMT? Finally, there would likely be futures 
workshops for the FAMT cluster.  
A final synthesis of data would produce an executive summary report of the foresight 
after completion of rounds within the specified time period. Finnish stakeholders include 
decision-makers in FAMT companies who will privately decide on their firms’ strategies.  
Governmental leaders may influence positively the role of firms through tax incentives 
and other measures—including increases in R&D funding at research centers…et cetera. 
This is tied to government’s role as depicted in Porter’s diamond model and in the 
diagram for action planning (Figure 8). The interaction between “facets of the diamond” 
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is a dynamic process that is impacted by chance and SPTs, weak signals and wild cards, 
as well as by the action planning of government. Thus Porter’s diamond theory is 
integrated with Toivonen’s SPT theory. Funding choices and other strategic decisions by 
politicians fuels the action plans for implementation for businesses, universities doing 
applied research and other institutions. Finally, the SWOT analysis is evaluated and 
assessed by panelists as a business analysis tool in Round II to help them develop their 
individual corporate strategies for success and elimination strategies, (see chapter 5). 
 
2.2.KEY CONCEPTS 
2.2.1. SPTS AND FUTURE TRENDS 
Future trends (SPTs) create impacts on global FAMT. These impacts determine both 
positive and negative trends and the consequences to FAMT. SPT is a term coined by 
(Toivonen 2004, 138-139) in her paper and utilized by Myllylä in his doctoral dissertation 
(2008). For the purposes of this study the term is used as it has been defined by Toivonen 
and Myllylä (see definition in glossary). The trends are evaluated in the context of climate 
change and the ice retreat making the Arctic sea routes viable: the Northeast Passage 
(Northern Sea Route), Northwest Passages (due to alternate routes) and trans-Arctic 
crossings. Evaluation of increasing prices for commodities and raw materials as a trend is 
a foremost question, followed by increasing world population, globalization, AMT 
consolidation trend (for example STX and Arctech) and other trends.  
Trends and phenomena are thus scientifically determined to trend upwards or downwards 
over time based on the direction of a trend line. Trends may impact AMT and FAMT 
either positively or negatively depending on how it affects the supply. For example ‘An 
SPT may be interrupted or broken by a weak signal,’ see definition (Myllylä 2008, 14; 
see also Myllylä 2007, Toivonen 2004 Naisbitt, 1982).   
 
2.2.2. WEAK SIGNALS 
Weak signals are used in future studies to examine how ‘new phenomena of change the 
specific impact of which may critically alter the course of events or the future direction’ 
(Rubin 2012). The idea of a weak signal is that it may be something that begins small, but 
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after time causes an impact either positive or negative. Myllylä describes a “weak signal 
as the small root of a growing tree that can grow into something bigger” (2012). 
Vaapavuori and von Bruun describe weak signals also as “emerging issues.” Their 
definition of ‘weak signals’ is very detailed as a future studies technique (2003), see 
glossary.  
 
2.2.3. WILD CARDS  
Wild Cards are used as well in future studies to examine how ‘a low probability 
occurrence however its impact to the oncoming development is of high influence or 
‘emerging issues’ (Rubin 2012). Wild Cards impacting FAMT are varied and even 
unlikely occurrences, but represent statistical probabilities that they may occur at some 
point in the future. Again, the question is relevant: what are the impacts to the topic field 
either positive or negative?  For example, a wild card may be major volcanic activity that 
causes more Arctic ice formation than experienced during a warmer trend of ice 
recession. Wild cards are difficult to predict in terms of when they may actually occur. 
However, when a wild card does occur, its low probability of occurrence causes an 
impact regarding the oncoming development, and it has either a high impact that is 
favorable or unfavorable. (Kuusi & Rubin 2012). Again, Vaapavuori and von Bruun give 
a more articulated definition of ‘wild cards’ (2003) (see definition in glossary). 
The future studies techniques utilized in this research include Policy Delphi and SPTs, 
weak signals and wild cards. The Delphi method in this case Policy Delphi method is 
used to produce foresight for FAMT to 2030. In future studies or futurology researchers 
prefer to avoid using the term ‘prediction’, but rather speak about ‘probable futures’ or 
‘possible futures’ that may lead to ‘preferable futures’ by negative information having     
a modifying effect on societies or the world. (Chesnutt 2011, 19 – 24 and Bell 2003, 261 -
264). 
2.2.4. GEOGRAPHICAL CONCEPTS: CLUSTER AND KNOWLEDGE-BASED   
The main geographical concepts to this study is that of ‘cluster analysis’ and ‘knowledge-
based industrial cluster’ that coalesced into the FAMT industrial formation within 
territorial Finland (Porter 1998, Schienstock & Kuusi 1999). The Finnish-Russian 
partnerships in FAMT are expanding the scales of production from sub-national to 
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international with shipbuilding and offshore assemblies being constructed in Finland, 
Russia, and Asia through FAMT networks. This is changing the dynamics of the main 
cluster. (Examples of these strategic partnerships are mentioned in chapter one). 
This study examines the FAMT cluster and mini-clusters—the key companies and its 
related small, medium enterprises (SMEs) that support the main cluster with products, 
technology and services. It includes the components of ice-going vessels, offshore rigs 
and subsea technologies such as pipelines. Michael Porter’s theory of cluster analysis 
seems to be  useful in providing a theoretical framework of understanding of Finland’s 
leading companies producing FAMT, for example a specialization based on a unique 
geographic locality. The FAMT cluster is intertwined with the support of Finland’s 
excellent education system and research and development centers and other institutions. 
Porter’s article speaks of Hollywood and California’s wine industry as two separate 
clusters each with its own mini-clusters (Porter 1998). A knowledge-based cluster results 
from the scientific data gathering of one of FAMT’s leading private companies, Aker 
Arctic Technology, Inc. It is strengthened through the educational networks and research 
and development centers that support Finland’s AMT cluster. (Schienstock & Kuusi 
1999). 
The FAMT cluster is impacted directly by other industrial clusters: energy cluster and 
others in the Arctic and in Russia’s North. For example there is a relationship between 
more Arctic offshore platforms increasing demand for ice-going vessels—icebreakers and 
other ice-class ships, as well as for steel components for offshore rigs to meet present and 
future demand.  
Using Porter’s cluster analysis, we see the competitive advantages of the Finnish marine 
technology cluster based on ice expertise with over 50 years of data. Thus FAMT is seen 
in context as a Finnish phenomenon that is likely to grow substantially, becoming more 
international. In the beginning of 2012, on the surface, the industrial cluster or 
shipbuilding sectors seems to be consolidating, horizontally through the STX company 
with its many other subsidiaries: STX Korea, STX Europe, STX Finland, STX Canada 
and so on, however ‘each subsidiary is independent,’ according to one panelist. However, 
the STX Corporation has hit uncertain and difficult times and the ownership of STX 
Finland may be up for sale, as of February 2014. (Helsingin Sanomat 2014).  
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The Arctech partnership is changing the nature of the business and the question is: will 
there be technology transfers injurious to FAMT? With FAMT’s expanded networks, 
ships can be built based on specifications at the shipyards sized accordingly. The Finnish 
shipyards should be used for different specialized ships conducive to Arctech shipyards’ 
and when the highest standards for excellence are needed. Ships are built year-round in 
dry-docks within enclosed structures.  
Russia shipbuilding is limited by the depth of the draft of the ship due to shallower waters 
near St. Petersburg. It is well suited for the construction of oil tankers. Many other 
countries utilized FAMT as a producer for their specific needs, thus FAMT truly operates 
on a global scale to satisfy global demand. Many countries are studying climate change 
and ice recession from ice-breakers designed for scientific research: the Aurora Borealis, 
receiving EU funding.  China is planning on building its first ice-breaker to be used for 
scientific research purposes, which is in the design phase by Aker Arctic (Aker Arctic, 
2014). Construction costs are minimized by some users of FAMT by building their ships 
in Korea and Japan. China had plans to build ships at a subsidiary of STX Korea, 
however the STX ship yard is being sold due to mounting debts  2013. (STX 2012 and 
Siyu 2013). 
 
2.3.  SWOT ANALYSIS 
The SWOT analysis is a business tool deemed useful primarily for the FAMT cluster. 
However, it allows for the experts to brainstorm about the strengths-S, weaknesses-W, 
opportunities-O and threats-T on the topic field—FAMT. A SWOT analysis was not 
included in the Round I questionnaire. In the research design phase it was not known 
what type of comments and arguments would be collected for the SWOT analysis, thus it 
was eliminated from Round I.  
Most panelists understood that the focus of the main inquiry was FAMT, even though it 
allowed for answers about AMT. Round II was designed to be more comprehensive and 
detailed with the aim of generating data more specifically on the subject of FAMT and its 
competition. The panel selection of experts was based on their expertise, from AMT 
countries with particular specialization in the production of AMT, for example the United 
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States or Canada due to thicker ice in areas of service. The idea was to allow for honest 
commentary of FAMT or ‘other AMT’, assuming that they preferred the one to the other.   
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3. METHODOLOGY                                              
The methodological framework best suited for foresight or technological forecasting is 
the Delphi method, known as ‘classical Delphi’ or ‘conventional Delphi’. Classical 
Delphi is useful when a consensus is sought. However, during the research design of this 
study, divergent views were anticipated by at least two opposing groups of experts, such 
as those preferring FAMT or those preferring AMT. In chapter five these opposing 
groups are named: ‘Finns’ and ‘Foreigners’. Therefore as mentioned earlier, Policy 
Delphi was selected as the appropriate methodology. (Linstone & Turoff  2002). 
Below are brief descriptions of the main reasons for selection of the Delphi method, 
Policy Delphi, real-time Delphi method.  
 
3.1.  INTRODUCTION INTO DELPHI 
The Delphi method was first developed by the RAND Corporation in 1953, according to 
Wendell Bell, as a means to ‘assess the future’ (Bell 2003, 261). “Gordon and Helmer in 
1963 through 1964 took this further in their planning by using the methodology to 
produce technological forecasting” (Bell 2003, 261). The Delphi method was named after 
the famous Oracle at Delphi from ancient Greece. Modern researchers call the oracles—
experts therefore the Delphi method is referred to as the “expert method” (Laakso et al. 
2012, 156). Authors Linstone and Turoff underscore that the Delphi technique defies       
a neat definition, because of its explosive growth using the Delphi method in nearly all 
fields of human endeavor since its inception in an ‘evolution’ of  Delphi studies (2002, 3).   
However, the Delphi technique can be summed up as a “method of structuring a group 
communication process so that the process is effective in allowing a group of individuals, 
as a whole, to deal with a complex problem” (Linstone & Turoff 2002, 3). This is the case 
with a changing Arctic environment allowing for economic development activities to 
become a reality using FAMT. It will require Arctic ice-class vessels, offshore platforms,  
subsea technologies and related products to operate in challenging Arctic conditions   
How best to do this “structured communication” requires “feedback” between rounds 
from individual experts’ “contributions” based on their life’s experience, insight and 
expertise. The overall assessment is viewed as a “group judgment,” feedback in the form 
of an executive summary. Each expert may review the feedback summary and are 
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allowed to revise their original viewpoints. The Delphi technique’s hallmark is essentially 
that it grants a level of “anonymity” to all participants. Researchers of the Delphi 
technique soon realize that there is no one way to perform the Delphi method. Thus, they 
may select the best procedures deemed suitable to their research. (Linstone & Turoff 
2002).  
This study found the utility of using the Delphi technique based on two of the ten “areas 
of application” such as, to weigh out the positives and negatives related to the prospective 
“policy options,” and to ‘develop when dealing with complex socio-economic-
environmental phenomena.’ The “causal relationships” that are teased out by the panelist 
from the questionnaire surveys, combined with the feedback mechanism to allow the data 
to be gleaned over by each participant and to produce a more refined iteration after 
subsequent rounds. (Linstone & Turoff 2002). 
Furthermore, the authors extrapolate the following one or more “properties of the 
application” that would make Delphi correct for utilization: 
 The existing challenge is difficult to obtain clear “analytical techniques” however 
stand to gain by the “subjective judgments” when taken together as a whole. 
 The experts are required to share their comments and arguments on the problem of 
sufficient complexity with breadth and depth have “no history of adequate 
communication” and come from diverse backgrounds. 
 The task requires too many experts than can easily communicate by face to face 
dialogue. 
  Time and money constraints make recurrent group and committee meetings 
“infeasible.” 
 Efficiency of communication (“face-to-face meetings”) can be improved by 
“supplemental group-communication process.” 
 Strongly held opposition may require the process be umpired and “anonymity is 
assured.” 
 The experts “heterogeneity” must be maintained to ensure “validity of results” 
that is to avoid undue “domination” in numbers or by ‘strong personalities’ that 
create a “bandwagon effect.” (Linstone & Turoff 2002, 4). 
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Linstone and Turoff’s tome promotes discussions on the whys and wherefores of              
a particular Delphi application and how it was developed and executed. All are put in 
place to help one ascertain the applicability of Delphi to their research challenges (2002). 
To do a Delphi method study means that one must “structure a group communication 
process” for reliable and valid results that are ‘objective.’ To sum, this approaches           
a development toward “collective human intelligence processes.” (Linstone & Turoff, 
2002). 
The Delphi method is best seen as a process with two forms: conventional Delphi and 
real-time Delphi. The first involves using pen and pad to produce a questionnaire, to 
produce results. These results are summarized by a “monitor” or a Delphi manager, 
retesting is required by the next round panelists, with a newly designed questionnaire for 
new results and so on depending on the number of rounds. The questions are structured 
with “themes and questions which focus on certain themes in an in-depth manner, 
pertinent to the complex topic developed from the previous round.” (Linstone & Turoff, 
2002, 5-7).  
 
3.2.  POLICY DELPHI METHOD  
“A Policy Delphi is a forum for ideas.”  Murray Turoff  
‘Policy Delphi was launched in 1969, after being published in 1970’ (Turoff 2002, 96 and 
80). Policy Delphi method is different than conventional Delphi in several key aspects. 
The latter, known as classical Delphi is designed for applications where consensus or 
unambiguous results are essential. This study of AMT and FAMT required a different 
type of Delphi, called Policy Delphi, because its data is useful for groups seeking 
“minority views” and even views that are held in opposition, to yield results useful for 
policy-making groups. The executive summary is analyzed by stakeholders and decision-
making bodies. Policy Delphi foresight is useful for helping shape discussions over future 
strategy and funding decisions. Murray Turoff emphasizes that “Policy Delphi…seeks to 
the strongest possible opposing views on the potential resolutions of a major policy 
issue.” (Turoff 2002, 80). The Policy Delphi as a forum helps “to put all the ideas on the 
table” for debate, discussions and formulation of action plans (Ibid.). 
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Policy Delphi has a basic premise: “that the decision-maker is not interested in having      
a group generate his decision; but rather having an informed group present all options and 
supporting evidence for his consideration.” Thus, Policy Delphi is a “tool for analysis of 
policy issues and not a mechanism for making a decision” In some cases, researchers 
using Policy Delphi may structure the design that “inhibits consensus formulation” To 
sum, FAMT and its competition ‘other AMT’ dictated using Policy Delphi to paint           
a more accurate picture for the future outlook of Finland’s AMT cluster as a whole. In 
some cases, researchers using Policy Delphi may structure the design that “inhibits 
consensus formulation.” (Turoff 2002, 80).  
Policy Delphi was selected as the best methodology for a variety of reasons. The decision 
was to use Policy Delphi in two rounds. The first round consisted of interviews for the 
pilot phase. The second round utilized Real-Time Delphi (RTD). It was unlikely in this 
study to achieve consensus with such diverse panels of experts from around the globe. It 
was deemed essential to allow for differing views that represented the world of AMT in 
2030, based on the foresight of all of the panelists. This rationale is based on the fact that 
experts with expertise in AMT, FAMT and Arctic related issues are much closer to the 
future potential realities. This by virtue of their own research studies, research and 
development, corporate affiliations in dealing with AMT, FAMT or Arctic phenomena 
that might influence the topic field of the Finnish cluster.  
Policy Delphi anticipates ‘heterogeneity’ of thought or divergent opinions as the key 
factor in its selection. Diversity of thought was to be celebrated in the data gathering, 
rather than discouraged as in conventional Delphi or what is also called classical Delphi. 
In the latter, the whole purpose was to build consensus for action. For example, the 
methodology takes its name from the ancient Greeks from the oracle of Delphi. By 
contrast, Policy Delphi allows for ‘dissensus’ or opposing views, rather than ‘consensus’ 
to put all the options on the table, even opposing divergent and opposing views. (van de 
Linde & van der Duin 2011, 1557, 1563).  
Conventional Delphi was not the best suited method, as it tends towards building              
a consensus view critical for certain types of governmental committees, but not all. Policy 
Delphi was selected as it allows for differing views where more than one view can be 
held and ‘minority views are sought out as essential’ inherent to this paper based on the 
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diversity of experts and their various geographical ties. (Turoff 2002, 80). (Refer to 
Round I list of experts, Appendix 2).    
 
3.3. REAL-TIME DELPHI  
Ted Gordon performed a study by developing and using real-time Delphi (RTD). RTD 
replaced the old pencil and pad with a monitor with internet software programs. Experts 
using RTD may log on as often as they wish, allowing users an on-line questionnaire 
experience with instantaneous results, which is much more efficient than the conventional 
Delphi method.’ (Linstone & Turoff 2002, 5). This allows a panelist to see the results and 
analyses from all other participants as the program is enabled. This has an added feature 
of greatly reducing the time allowing for revisions within the round as viewing of other 
panelists answers is allowed in real-time, typically causing revisions of comments. The 
structured questionnaire with its themes and questions need to be well thought out in 
advance prior to invitation and participation by panelists.  
The e.Delphi on-line program was used for Round II. It allows for invitation letters to be 
sent electronically by e-mail (refer to: http://www.e.Delphi.fi ) to all invitees rather than 
one at a time adding efficiency. Reminders to invitees boost the participation rate are sent 
similarly through the website. Without personalized reminders the survey rate would be 
significantly lower. This may be because the invitation letter is less personal and more 
generic.  
In Round II, RTD was used where every respondent may easily view all other experts’ 
comments and arguments registered or saved.  Some questions in the RTD (Policy 
Delphi) encourage each expert to back up their ideas with supporting arguments. This is 
what Osmo Kuusi calls argument Delphi (1999). Multiple sessions of viewing are 
permitted allowing for self-evaluation of all other comments and arguments by 
respondents. RTD process tends towards self-editing, based on the written feedback from 
others, which lends itself to forming an overall ‘consensus’ within the panel. However, 
this study was unlikely to have just one viewpoint or ‘homogeneity’ of opinions, because 
of the national, corporate or academic interests of the panel are so diverse. The RTD 
panel had a high level of motivation, inasmuch, as the panelists live and work in the main 
Arctic countries and are extensively involved in some aspect of AMT through work, 
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research, investments and contracts. See real-time Delphi definition. (Gordon & Pease 
2006; and Gordon 2007).  
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4. THE RESEARCH PROCESS  
 
The research process of this Policy Delphi study involves gaining technological foresight   
for Finnish AMT, in the context of its AMT competition that is designed, tested and built 
outside of Finland. This is achieved by the Policy Delphi process. The research design 
process was the first step after reading a literature review of my topic. The pilot survey 
served a dual purpose as mentioned previously.  However, my study’s questionnaire was 
made original, by a different investigative slant regarding the implications for FAMT by 
the opening of the Arctic Sea Routes. It was patterned with lines of inquiries to give 
synergy to the Myllylä-McEwan collaboration, (see Appendix 1). Policy Delphi enabled 
my study to explore the differences on the subject of Arctic marine technology within the 
context of sea ice retreat and opening of Arctic sea routes for navigation. All in an effort 
to produce meaningful foresight for the Finnish AMT cluster to 2030.  
Armed with a pilot survey for my Round I questionnaire, the author sent individual          
e-mails to prospective participants. The next step was of utmost concern: to find and 
interview men and women with real expertise on the topic of AMT and more specifically 
the Finnish AMT cluster. The next step was finding qualified leading experts. The author  
found many experts from my literature review. A list of names was noted for possible 
inclusion in this study.  
The Round I pilot interview is purposefully designed to be broad and even vague to allow 
the experts to articulate things that are teased out of them during the interview. The idea 
is to ‘catch ideas’ according to Myllylä (2012) and is deemed best through ‘face to face 
interviews—to capture the subtleties of vocal inflections, body gestures, facial and eye 
gestures’ (Linstone & Turoff 2002, 7). Telephone interviews were arranged due to 
expediency, because face to face meetings were not always possible. The Internet was 
used to e-mail invitation letters requesting each expert’s participation in this study, which 
was also used for the Myllylä collaboration, see attached pilot survey (see Appendix 1). 
The main objective is to obtain the best experts. Laakso, Rubin and Linturi (Laakso et al. 
2012) offer advice inspired from Kuusi’s seminal work (1999): “the most knowledgeable 
people in their field of specialization are often ahead of others in their ideas about the 
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future because of their exceptional understanding.” The following criteria for “an expert 
fit for the Delphi panel should be: 
 at the highest level of his / her field of knowledge / science; 
 interested in a wide range of knowledge around it; 
 able to trace connections between national and international, present and future 
development; 
 able to regard problems from unconventional angles also, and 
 be interested in doing something new.”  
Thus expertise is underscored, based on the aforementioned qualifications for a leading 
panelist. (Laakso et al. 2012, 156). 
 
4.1. PANEL SELECTION CRITERIA  
Initially, the basic idea was to interview between 7 and 8 experts from a competence-
interest matrix devised by Myllylä with input from the author based on my list of experts. 
The idea was that the foreign experts would give synergy to our joint work (2013). In the 
world of FAMT and AMT certain names were extensively and widely published in media 
venues, books, journal articles and the internet. Furthermore, men and women with the 
required expertise were often listed as panelists, for panel discussions by several leading 
professional annual Arctic conferences or by different professional societies, for example: 
Arctic Oil and Gas, Society of Naval Architects and Marine Engineers and others.  
This Policy Delphi required to develop an invitation list of real experts involved in 
companies either in the oil and gas industry, offshore or other, governance bodies, 
institutions, in academe, media and other organizations including graduate students who 
conducted similar or related research.  Names and affiliations were compiled and checked 
against the competence – interest matrix for even distribution within the matrix. This 
ensured a balanced synergy. A research decision was made to do as many interviews from 
as many different countries that were either Arctic nations or nations extracting resources 
from the Arctic Region, to make the research more comprehensive on the subject field.  
Lehtonen, Tykkyläinen, and Korhonen performed research that revealed by approaching 
240 experts, for example there is an optimal number of panelists for each round before 
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there is repetition, between 7 to 13 ‘namings’. Interviewing in a ‘broad network’, the 
applicable group for this study shows the optimal number to be 12.8 ‘namings’ as the 
results of their study was graphed.  Thereafter, the inverse curve flattens out to zero 
between 15 and 20. Myllylä stated: ‘there are fewer new ideas with additional 
respondents beyond the optimal number.’ (Lehtonen et al. 2011, 82-83). However, just by 
obtaining one game-changing idea would justify additional respondents above the optimal 
number despite a certain level of repetition of ideas. This Policy Delphi found it 
necessary to ideally have 10 to 12 experts for the ‘Finns’ group and 10 to 12 for the 
‘Foreigners’ group for the RTD in Round II. 
All experts were invited by e-mail. Some invitations were made in person or by telephone 
invitations. These were then followed up by e-mail invitations. The Round I Delphi panel 
consist of 19 experts (see appendix 2). The basic letter of invitation was customized for 
each expert based on their expertise. This method of utilization of the internet typically 
yields ten to thirty percent success rate, according to Myllylä. He is a consultant 
specializing in the Delphi method for over twenty years. The rate was greatly improved 
by reminder calls or e-mails. The higher than normal return rate is explained that this 
research data benefited a Ministry of Finland and the FAMT cluster, listing their Internet 
links on the bottom of the invitation letter.  
The method of acquiring expert participation in this survey was through using the 
‘snowball method’ (Frewer et al. 2011, 1523). The return rate of the Round I survey was 
roughly 35 percent, with a rejection rate of 65 percent. The survey was well received by 
many recognizable experts. Why was this return rate so excellent? Largely, it was based 
on motivated experts within a rather small circle of Arctic experts. Their knowledge and 
expertise is extensive on Arctic issues or various aspects either directly or indirectly 
related to AMT and FAMT. Some had reliable understanding of economic issues related 
to the topic.  The research goal was exceeded, based on the design of a comprehensive 
survey that collected mostly qualitative data in the form of interviews from 19 experts 
from as many different Arctic countries or players.  
The upside to using the snowball method is that it greatly increases the participation rate 
based on “personal contacts of researcher or experts in a policy area under consideration.” 
There is a downside to using the snowball method. For example, it may ‘introduce “biases 
in relation to the accessed and professional networks.” (Frewer et al. 2011, 1524).   
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Please see the (Table 1) below of the distribution of Round I experts. Those experts who 
declined may have been too busy or perhaps unable to disclose their company secrets as 
was the case with certain oil and gas Arctic players. However, the initial inquiry based on 
the Round I questionnaire yielded excellent data by industry insiders with a lifetime of 
experience with key Arctic oil and gas companies or other organizations including pre-
eminent scientists from research and development centers. Some panelists were not only 
experts with years of experience in the Arctic and regarding the topic and they were 
helpful in nominating other potential panelists for Round I and Round II. Nominations by 
the snowball method comprised the primary means of assembling the Round I Delphi 
panel, and high level of participation. Two leading experts stated allowed referencing of 
their names to obtain additional nominated experts, which was extremely helpful. 
Table 1.  Round I panelists in the competence-interest group matrix.   
Competence- 
Interests 
FAMT-
Cluster 
AMT-
Cluster 
Corporate-
private 
sector 
Regulatory-
Public 
Sector 
Quasi-Public 
sector: Scientific 
Institutes, R&D, 
NGOs, 
Universities 
Total # of 
panelists 
Design                
& Ice testing 
1 1 1   3 
Shipyards       
Offshore             
& subsea 
  1   1 
Other   2 1 1 4 
Ice management 2  1   3 
Shipping 1 1    2 
Media  1    1 
Academic 
researchers 
2 1    3 
Graduate 
students 
    2 2 
Total #             
of Panelists 
6 4 5 1 3 19 
 
Nearly all of the interviews were conducted over the telephone or by using mobile or 
Skype with a few exceptions. Other interviews allowed the panelist to type their 
comments and arguments into a word document of the Round I pilot survey that was        
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e-mailed to them with their invitation letter, and the completed questionnaires were 
returned by e-mail. 
Transcripts were produced after each interview. Transcripts were completed to capture 
participant’s thoughts as closely as possible without being recorded. Textual analysis was 
used to analyze the key ideas and the number of times being repeated by other 
respondents. The key results and findings are summarized in an executive summary. The 
executive summary was one of the primary reasons for participation by panelists and was 
mentioned in the invitation letter. It also served as the feedback loop mentioned by 
Linstone and Turoff (2002, 3). This study’s research data was shared with Myllylä for our 
joint work and with the Finnish Ministry ELY-keskus. An abridged executive summary 
was provided to each participant and other prospects, attached to the on-line Round II 
RTD questionnaire survey. The executive summary also serves as a thank you for those 
who participated in Round I and as an inducement for prospective panelists to obtain their 
participation in Round II.  
The feedback material was also presented in a Futures Workshop at the headquarters of 
Arctech at the Helsinki shipyards. The author presented a summary of the key results and 
findings with conclusions from Round I, based on extensive interviews, see (Table 3) in 
Chapter 5.  The Futures Workshop involved many different panels for discussions and 
brainstorming to produce a group report to the workshop manager for ELY-keskus.  
Holding a futures workshop is an integral part of the Policy Delphi process that allows for 
group intelligence. In this case each table of panelists (roughly 45 tables) each table was 
assigned a different theme for consideration based on to the competence-interests of 
panelists to obtain the best results. Brainstorming allowed ideas to quickly flow and these 
were recorded on large poster-boards with markers and collected by the futures workshop 
manager. The Futures Workshop issued a report based on the results and findings from 
this meeting. 
 
4.2.  ROUND I QUESTIONNAIRE DESIGN 
The Round I pilot survey questionnaire design was an important task to gain vision and 
insights into the opening of the Arctic sea routes with the ice retreat resulting from 
climate change in the Arctic Region. The initial underlying question was: what were the 
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implications for the Finnish shipping sector of which FAMT is an important part? What 
would be the impacts to FAMT? Please refer to (Appendix 1) to review the types of 
questions and themes involved in the pilot interviews of Round I. It has the usual 
divisions into three parts for Policy Delphi: I, vision, II impacts, and III 
recommendations. The first part consists of 9 questions using a Likert Scale with 
numerical rankings 1 to 5 to determine the SPTs or trends, phenomena and drivers. This 
was followed by questions regarding weak signals and wild cards, (see definitions in the 
glossary). The second part consists of 9 questions to ascertain the impacts to AMT, 
transport and logistics along the arctic sea routes, impacts to the development and 
innovation of AMT for lead products in design, construction and classifications, offshore 
technologies, sub-sea technologies and other key products, arctic energy, security issues, 
environmental concerns with Arctic development.  
(Nota Bene: The acronym AMT is used in the pilot survey instead of FAMT. This term is 
recognized as the professional term used by producers and users of AMT. This may often 
include FAMT, or perhaps only certain aspects of FAMT: consulting, design, ice-model 
testing, but perhaps not the construction, if built outside of Finland).  
The last section was to generate data on recommendations for development projects to 
strengthen the FAMT cluster. It allowed for free form comments on any Arctic issue, 
actions, operations, strategies: national or international organizations. This was followed 
by a request for nominations for other potential panelists in the topic field of AMT cluster 
or ‘mini-clusters.’ (concept Myllylä 2012).  
Testing the pilot survey was and is imperative. The testing was performed for the Round I 
pilot survey by three panelists. It revealed that one question was incomplete: Arctic sea 
routes are comprised of NEP, NWPs and trans-Arctic crossings, omitted for lack of 
referencing in the initial literature review process. The questionnaire survey was corrected 
to reflect the importance that key Arctic players place on trans-Arctic crossings to avoid 
icebreaker escorts that may not be needed in ice-free conditions or thin ice and what they 
consider as excessive fairway fees for intra-coastal zone ice-breaking services. This 
reflects western shippers point of view regarding Russia’s stance on the Northern Sea 
Route (NEP).  
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However, Russia is purported to have lowered its fairway fees for ice-breaking services 
along the NEP. The fees are less expensive than shipping via the Suez Canal but they are 
still expensive. The biggest savings is in the time, that is days shortened by shipping via 
the NEP. This article refers to the NEP as the NSR, see chart for days saved for “Cargo 
shipped from Kirkenes, Norway or Murmansk, Russia” is 20.5 days to Yokohama, Japan. 
(Jones 2013). ‘The Russian icebreakers are performing escort services for ships in transit 
in case of emergencies’ according to a panelist. This is because of the paucity of search 
and rescue vessels in the Arctic Region and for ship and crew safety, according to one 
leading panelist. 
 
4.3.  ROUND I DELPHI PANEL PILOT INTERVIEWS 
Nineteen interviews were conducted during Round I for data collection: quantitative and 
qualitative. The Round I pilot interviews were conducted from April to November in 
2012. Many experts were not available during the summer months. A decision to expand 
from the initial 7 to 8 interviews was made in the hopes of reaching optimal results for 
Round I (Lehtonen et al.  2011, 83). What was confirmed in Lehtonen, Tykkyläinen, and 
Korhonen’s research was that with increased ‘namings’ from 15 to 20 yielded only 
limited new information about the topic was assumed to be provided by the additional 
panelists. However, some new ideas were expressed during the Pilot interviews, despite 
repetition of other significant ideas. The repetition of ideas is confirmation of importance 
based on textual analysis used as a method for qualitative research. 
 
4.4. ROUND II PANEL SELECTION CRITERIA 
The panel selection process for Round II was based on all my contacts with men and 
women in FAMT. A collection of select potential panelists was obtained through high 
level meetings, during meet and greet sessions.  Business cards formed the basis of my 
Round II invitation gathered at conferences et cetera. Invitations were sent as mentioned 
earlier by the e.Delphi’s website e-mail page. Follow-up reminders included sending 
short and extra polite e-mails, and telephone calls to encourage their volunteering for 
Round II.  
63 
 
Round II had a much lower return rate with only 19 panelists out of 75 to 85 that were 
invited. Incidentally, the software allowed for reminders to be sent with an easy checklist 
to avoid pestering potential panelists already enlisted. One reason for the lower return rate 
was the questionnaire may have been too comprehensive and lengthy, in addition the fact 
is the panelists are volunteers. Perhaps, many potential panelists thought the survey too 
tiresome. It seems that an assessment of the empirical data may show a bias. This may 
have been due to a low response rate on certain questions. However, overall ‘the results 
are “reliable” and have “validity” with as few as 10 to 15 panel experts participating. 
(Lilja et al. 2012). The data did not reveal strong opposition to queried topics as one 
might expect using Policy Delphi. Please see the below (Table 2) for the Round II 
competence – interest matrix. Refer to Round II Delphi-panel invitation letter. Perhaps it 
was written too generically and not custom-tailored for each candidate as was done in 
Round I, which had a higher return rate. 
 
Table 2. Round II panelists in the competence – interest group matrix.  
Competence- 
Interests 
FAMT-
Cluster 
AMT-
Cluster 
Corporate
-private 
sector 
Regulatory-
Public 
Sector 
Quasi-Public sector: 
Scientific Institutes, 
R&D, NGOs 
Total # 
of 
panel-
ists 
Design & Ice 
testing 
       2    2 
Shipyards 1     1 
Offshore & 
subsea 
1  2   3 
Other   5 1 1 7 
Ice management 2     2 
Shipping 1   2  3 
Media       
Academic 
researchers 
    1 1 
Graduate 
students 
      
Total # of 
Panelists 
5 2 7 3 2 19 
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4.5.ROUND II QUESTIONNAIRE DESIGN  
The Round II real-time Delphi questionnaire was produced based on developing 
structural questions and themes based from the data obtained in the Round I pilot survey 
interviews. The thesis changed from the importance of new shipping lanes often bandied 
about in media headlines as a short-cut to the Suez Canal, but this is perhaps a decade or 
two away, according to leading panelists. Nearly all experts discussed the Arctic sea 
routes as based on resource extraction and not an alternative to the Suez Canal. The focus 
shifted to a closer examination of what constitutes FAMT along ten categories of 
products and services to serve Finnish interests.  
Considerable care went into the design of a comprehensive and more detailed survey for 
Round II, a deeper examination of FAMT. This was consistent with Porter’s “diamond” 
theory because of competition and the existence of competitive forces. Queries were 
designed to obtain a real-world view of the competitive forces in a global marketplace.      
The author retested his findings from section I, from Round I in Round II questionnaire. 
Statements were evaluated numerically to obtain quantitative data for SPTs, weak signals, 
wild cards. Toivonen’s SPT theory was queried to evaluate the impacts to demand from 
weak signals and wild cards. Many different questions were asked about FAMT along the 
10 divisions of products and services that were rated numerically to 2030. It included a 
section on the impacts FAMT. A SWOT analysis was included as a business analysis. 
One question asked experts to rank the top five nations concerning FAMT.  Panelists 
were queried on options for Finland’s business culture of innovation to strengthen FAMT.  
One challenge was that many of the experts were from the United States and Canada and 
wished to participate in Round II.  The questionnaire design allowed these panelists to 
comment regarding ‘other AMT,’ the competition of FAMT. Several of the questions 
were developed to gather data for my research with experts’ comments and arguments 
which would provide synergy to the ELY-keskus project. Some of the questions in 
Section II were asked for specific data generation. (concept, Myllylä 2012).  
The final section dealt with conclusions and recommendations: what action should be 
taken to strengthen AMT and FAMT? What types of development projects should be 
implemented? The idea was to produce useful and relevant research data to benefit the 
FAMT cluster and its mini-clusters of supporting companies of SMEs. This was done for 
the purpose: in order for the key stakeholders and players within Finland’s FAMT to 
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make decisions for Arctic funding, Arctic strategies, and implementation of prudent ideas 
to strengthen the existing FAMT cluster. Policy-makers need to have broad understanding 
of FAMT and AMT to create essential and meaningful action plans. The main question 
for the governmental leaders and industry leaders is: what should Finland do to enhance 
the FAMT cluster and supporting SMEs? This is paramount for the future of the FAMT 
cluster in order to boost exports.  
Testing of Round II RTD questionnaire survey was performed by four panelists to see if 
they correctly understood the import of all the questions for the Structural-themed 
questionnaire survey. The on-line survey was sent by the Internet and allowed for as 
many viewings by logging on with a confidential user name and password. In retrospect, 
two of the questions should have been changed to add clarity: one question had two sets 
of instructions that made interpretation difficult to ascertain. The other question yielded a 
simple yes or no answer with little supporting argumentation. Another problem 
mentioned by a panelist was some data fields were sometimes too small for lengthy and 
more refined arguments and that comments were either partially lost or had to be edited to 
fit the data field, an un-intended annoyance. This information was passed on to the 
e.Delphi team to make the needed corrections. 
The Delphi-panel for Round II consisted of 11 Finnish experts and 8 non-Finnish or 
‘Foreigners’ for a total of 19 experts. Hypothetically, this panel should allow for at least 
two opposing views to be expressed on the topic field of FAMT or ‘other AMT.’ Turoff 
recommend a Policy Delphi be between “10 and 50 people as a pre-cursor to a committee 
activity…not so much to obtain a consensus as to expose all the differing positions 
advocated and the principal pro and con for those positions.” However, “in many policy 
areas, a larger number of respondents, in the area of twenty panelists or more” is essential 
when dealing with “increasingly complex issues facing organizations” (2002, 82-83). 
RTD is equipped to handle many more panelists, but in this study it was more difficult to 
enlist volunteers for Round II. Perhaps, because it was too long and taxing in terms of 
time required for completion.  
The data collection of the empirical material for this research began in April 2012 and 
was concluded in March 2013 for both rounds (Varho & Tapio 2005, 1932). 
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Figure 9.  A photograph of an Arctic offshore platform at Prirazlomnaya, during ice-free summer season. 
Above the waterline and below, its base was designed to be ice resistant (Bogoyavlensky 2014). 
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5. ANALYSES OF DATA 
 
Chapter 5 examines the empirical data—quantitative and qualitative—to produce Finnish 
Arctic marine technology foresight to 2030. The total material gathered was too 
voluminous for inclusion in this study, however presented are the key results and findings 
from Rounds I and II.  
Once the data was collected from the Policy Delphi rounds, then the results were analysed 
and interpreted. Tables were produced based on relevant data: quantitative, qualitative or 
mixed data. The foresight produced after integration of empiric data of successive rounds. 
The last round represents the best foresight of probable futures and preferable futures of 
Arctic marine technology—expressed as Finnish AMT.  
The data is presented with emphasis on SPTs, weak signals, wildcards, a SWOT analysis 
(Round II only), impacts to demand for FAMT and finally to the development of FAMT 
in an innovation environment. Round I results are shown by the topical theme, then  
Round II results are shown thereafter. Since Round II data is considered to carry more 
weight in terms of foresight the mix of data is taken more from the last round.  
 
5.1. POLICY DELPHI ROUND I 
Round I of this Policy Delphi study resulted in extensive data: 19 panelists were 
interviewed, their comments and arguments are recorded in transcripts to the questions 
and themes in the Pilot Survey (see Appendix 1). Divergent views were expected and 
received. The majority of panelists were from the United States, Canada and Finland, 
along with views expressed by two Russian panelists and one British panelist from 
England. Nominations were received from potential panelists from Norway and Germany, 
however all declined the invitation. One plausible reason is AMT companies are 
competitors to the leading FAMT cluster. STX Norway, operating in that country, is a 
competitor. German shipyards constructed FAMT, for example the Arctic Express and 
other ice capable vessels, and thus they are competitors with Finland’s shipyards. Another 
reason is invited experts may have been too busy to participate. Some were disinterested 
in participating in a study to benefit Finnish interests. Others perhaps did not participate 
due to employer-employee non-disclosure agreements.  
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The Delphi-panels from each round consisted of highly motivated experts willing to 
participate in this study. Other motivations might be that they work for companies that are 
‘producers’ of FAMT, ‘users’ of FAMT, or ‘both producers and users.’ Another factor is 
the panelists volunteer to obtain the panel’s executive summary. Some panelists are 
motivated in order to help shape the destiny of the Arctic Region by participating in 
university, corporate and government sponsored research. The leading Arctic authorities 
represent small interconnected circles. They work in public, private or institutional 
organisations. Some experts are motivated by noble personal reasons—to seek ways to 
preserve the Arctic environment with sustainable development—for protection of 
threatened species and for the betterment of humankind. 
Some panelists on the Delphi-panels shared tacit knowledge in their comments and 
arguments, by adherence to a Policy Delphi protocol of anonymity. Osmo Kuusi 
highlights the importance of maintaining strict anonymity as the means to obtain ‘tacit 
information’—so essential and critical to Delphi studies (Lilja et al. 2011, 3). Anonymity 
protects the panel from fear of losing face among peers and from the possibility of losing 
their jobs (Tapio 2002, 87).  
(Table 3) below contains foresight from Round I of the key results and conclusions of 
Finnish AMT foresight to 2030. This table was presented by the author to the Futures 
Workshop held at Arctech headquarters, Helsinki in October, 2012, and was published in 
English and Finnish Chapter 8: “Findings from international interviews (Jon McEwan)”  
(Myllylä 2013, 62-63). 
Table 3.  Key Results and conclusions from Round I Delphi-panel (Myllylä 2013). 
 
Round I. Key Results and Findings of Arctic Maritime Technology Foresight to 2030 
 Finnish Arctic maritime technology (FAMT) is likely to benefit from Arctic Region’s economic 
activities: especially: Barents Sea, Yamal Area (Peninsula), Kara Sea, and Sakhalin Islands. 
 Finnish AMT (Finnish know-how) is in high demand for Arctic mining megaproject, for example 
Baffinland Iron Ore Mining Company for 9 ice-class cargo ships to carry high-grade iron ore to 
Europe and for Port Infrastructure at Baffin Island, Canada. 
 Ice management to provide an ‘armada’ of ice-class support vessels for offshore oil and gas 
developments ratio: 10 new offshore rigs require 30 to 50 ice-class vessels to benefit Finnish 
shipping sector: Arctech Yards in Helsinki. 
 Threat is development and innovation of submarine below-the-ice robotic drilling-platforms that rest 
on seafloor. This will be a game changer: reducing costs, expansion of drilling to year round…et 
cetera. 
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 Polar Code adoption will remove market confusion and create opportunities for icebreakers and 
other ice-class vessels with green emissions. 
 
Round I. Conclusions 
 Foresight possibilities for Arctic maritime technologies related to resource extraction will not be 
dramatically different in terms of traffic on NWP and NEP (NSR). Thus the Arctic sea routes are not 
used by container shippers, but consisting of special traffic using AMT to increase with mineral 
extraction and oil and gas development in the Arctic Region. 
 Regulatory regimes moving from East to West run gamut of lax controls in Russia, to more strict 
rules in Greenland, to even more stringent rules in Canada, finally to the most restrictive regulations 
in the United Sates Alaskan Arctic. 
 Greenland will take another 10 years to develop. Beaufort Sea is very expensive: summer drilling 
takes 2 to 3 seasons for 4,000 ft. to 5,000 ft. wells, thus its development will be gradual. Needed in 
the Arctic are for 1 to 2 FOIROT-Varandey terminals for shallow waters. Russia to develop much 
more quickly: Kara Sea can lead to much activity developed by ExxonMobil-Rosneft. Canada and 
U.S. need to resolve maritime boundary dispute. Alaska has high regulatory barriers, with multiple 
regulatory regimes:  too much red tape. 
 
Table 3 describes the big picture outlook for Finnish Arctic marine technology. First, the 
Finnish AMT cluster will likely benefit from the Arctic Region’s economic activities.  
‘The two main drivers are higher prices for commodities and raw materials and sea ice 
retreat’ (Brigham 2011) and confirmed by leading panelists. One panelist cited “the 
greatest areas of economic growth: Barents Sea, Yamal peninsula, the Kara Sea and the 
Sakhalin Islands”. Second, Finnish know-how in the cluster is in high demand for 
resource extraction, for example, the Canadian project called Baffinland—a megaproject. 
The Baffinland Iron Ore Mining Company hired Aker Arctic to design: nine ice-class 
cargo ships to carry high-grade iron ore to European steel mills and for port infrastructure 
needed to bring the ore to market via a new railway line, connecting the 5 deposits at St. 
Mary’s River located at Baffin Island to port. (FedNav 2007 and Brigham 2011). 
Third, presently ice management is required for Arctic offshore drilling, requiring as one 
expert stated: ‘a whole armada’ of ice-class support vessels for oil and gas developments 
in the Arctic Region—to prevent ice build-up that can damage offshore platforms or the 
subsea technologies: pipelines and cables. Another expert stated: “a ratio for every 10 
new offshore rigs, 30 to 50 ice-class vessels would be needed,” likely benefitting FAMT 
with new orders. Fourth, a threat to ice management was expressed by one expert: “the 
development of innovative of sub-marine below-the-ice robotic drilling platforms resting 
on the sea floor.” This would be a ‘game-changer’: reducing personnel costs, saving 
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money for oil and gas exploration companies by extending drilling to year round, instead 
of a short season of ice-free waters then waiting for the ice-free conditions the following 
year. Fifth, and finally one panelist emphatically stated: “the adoption of the Polar Code 
would eliminate market confusion regarding standards for new ice-class vessels.” 
Another panelist highlighted, ‘the new ice-class ships will meet strict environmental 
standards required by the MARPOL to achieve ‘green emissions’ with gas powered 
engines’ that remove or greatly reduce particulate pollution emitted by diesel powered 
engines (SO2 and CO2 emissions) by 2017’ (Niini 2012).  
Foresight possibilities look favorable with the practical considerations taken into account, 
for example the regulatory environment in the Arctic rim nations or the challenge of icy 
waters. Two panelists summed up the next decade or two: the foresight possibilities will 
not be dramatically different in terms of traffic along the NWPs and the NEP. ‘The Arctic 
sea routes are not likely to be used by the large container shipping companies, but rather 
consisting of traffic using AMT (FAMT) to increase the extraction of minerals and oil and 
gas’, according to one panelist.  
One panelist commented on regulatory regimes moving from the East to the West run the 
gamut of lax controls in Russia, to more strict rules in Greenland, to more strict rules in 
Canada, finally to the most restrictive regulations in the United States’ Alaskan Arctic. 
Feasible development was discussed by the same panelist: “Greenland will take another 
ten years to develop.” ‘Beaufort Sea is very expensive to develop limited to summer 
drilling. It may take 2 to 3 consecutive seasons to drill to a depth of 4,000 to 5,000 feet 
for oil wells, thus its development will be gradual. The Arctic needs one to two FOIROT- 
Varandey terminals for shallow Arctic waters too shallow for the ice-class super tankers.’  
Varandey offshore terminal, is an innovative project resulting from a partnership between 
Lukoil, the Russian oil company, ConnocoPhillips and Aker Arctic. Aker Arctic designed 
and tested the Varandey offshore terminal, which built in Korea. The FOIROT Varandey 
is designed to withstand Arctic ice, see (Figure 8) below. ‘It is located 26 kilometres from 
its land-based storage facilities, where the petroleum is heated to 60 degrees Celsius and 
fed to the unique offshore structure by two subsea pipelines. This allows Varandey to 
function year round. Sovcomflot operates 3 ice-class super tankers (these tankers were 
designed in Finland by Aker Arctic) for this offshore terminal with a design capacity to 
offload upwards 12.5 million tonnes per year.’ (Bogoyavlensky 2014).  
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Figure 10. Innovative offshore Varandey terminal is ‘loading oil onto ice-class tanker the Timofey 
Guzhenko. Photograph by Aker Arctic. Varandey terminal was the result of a partnership between Lukoil, 
ConnocoPhilips, and Aker Arctic, the ice technology consultancy that designed this as an offshore terminal 
due to the shallow waters—too shallow for 110,000 deadweight tons tankers.’ (Bogoyavlensky 2014). 
 
Russia is to develop much more quickly due to lax regulations.’ The Kara Sea can lead to 
much activity with developments by ExxonMobil-Rosneft. Canada and the United States 
need to resolve their maritime boundary dispute, before development will occur in that 
area. Alaska has high regulatory barriers, with multiple regulatory regimes having 
jurisdiction over oil and gas developments: too much red-tape.  For example, ‘there are 
regulations regarding the movement of whales; protection of marine mammals: polar 
bears, walruses and whales...et cetera; and the amount of lighting on offshore platforms 
to prevent bird strikes, however the safety of offshore workers may be impaired by such 
requirements,’ according to one leading panelist.     
The above foresight discusses the probable futures for different sub-areas located within 
the different maritime boundaries of the Arctic Five nations: United States (US), Canada, 
Greenland (Denmark), Norway and Russia in terms of demand for FAMT. To sum, most 
new orders will be for ice-class vessels mainly built for ‘resource extraction,’ according 
to an expert. Lawson W. Brigham asserts: that ‘there are two main drivers to Arctic 
development affecting FAMT’. The first is ‘climate change and the seasonal declination 
of sea ice with the Arctic warming trend will increase the economic opportunities.’ The 
second is based on the premise of ‘increasing prices of commodities and raw materials’ 
due to global demand pushed by globalization, and to a lesser extent by increasing world 
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population, providing the economic incentive for Arctic resource extraction. Furthermore, 
‘these two drivers are likely to cause the “integration of the Arctic Region with the global 
economy.” (Brigham 2011).  
This scenario will require new forms of “Arctic maritime transport” solutions, for 
example ‘polar-class cargo ships similar to the ice-class fleet of six vessels built for 
resource extraction, from one case is the world’s largest nickel; palladium and platinum 
mine in Dudinka, Russia. It is operated by Norilsk Nickel produced a fleet of polar-class 
ships produced by Finland’s AMT. Another example of Arctic marine transport, are the 
Arctic cargo ships built for Red Dog Mine in Alaska. (Brigham 2011, 25).  
The Round I foresight was based on a real-world view in terms of geopolitics and all 
things considered including the probabilities of the impacts of weak signals and wild 
cards. The greatest change in business operations of oil and gas companies would be with 
the successful introduction of sub-marine robotic below-the-ice drilling technology. This 
would likely reduce the necessity for ice management.  
Ice management in the Arctic consists of two types currently: one method works by ice- 
class icebreakers that break the sea ice surrounding the offshore platforms by encircling 
around and round. The other used in Greenland requires ice-class tug boats to harpoon 
icebergs and tow them away from the offshore drilling operations to protect the rigs from 
icebergs. Ice management ships perform ice management and oil spill recovery services 
with the newest and innovative multi-purpose icebreakers operated by Arctia Shipping: 
‘the Fennica and the Nordica leased by Shell for summer drilling in Alaska in 2012 (see 
Figure 9 below). The Finnish icebreakers returned by the NEP, saved money by the 
shortened voyage home. The captain reported excellent co-operation with the fairway 
manager, Rosatomflot’ (Arctia Shipping 2012, 14). This stands in sharp contrast to views 
expressed by panelists from the US and Canada in the Pilot Survey. 
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Figure 11.  the Fennica, a multi-purpose ice-breaker, breaking ice in the Arctic (Offshore Technology 
Centre 2014).  
 
SPTs, phenomena and particularly megatrends may face unexpected events. As an 
example, of geopolitics possibly affecting the future outlook of Arctic development 
negatively. What impacts will Russia’s annexation of Crimea and the ethnic tensions in 
the eastern half of Ukraine, with the imposed sanctions by the West: (the US and the 
European Union) have on Russia’s Arctic development, if any? How will this impact the 
Finnish Arctic marine technology cluster? 
Oil and gas is the lifeblood of modern industrial nations, it is feasible that exceptions 
would be made to not impede the flow of oil and gas from Russia mainly to Europe. 
Finland’s partnerships with Russia thus may be spared out of economic necessity.  
 
5.1.1. STRONG PROSPECTIVE TRENDS 
Strong prospective trends (SPTs) that were tested in Round I are presented below with the 
Delphi-panel’s numerical evaluation yielding the following quantitative data based on 
averages. 
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Table 4.  Results of strong prospective trends, Round I. (1=is not very important 2=is slightly important 
3=is moderate 4= is fairly important 5= is very important) 
Round I: Results from Pilot interview: strong prospective trends in a 
changing Arctic impacting on FAMT A N 
Increasing prices for commodities and raw materials 4.7 17 
Increasing world population 4.4 17 
Consolidation trend in AMT 4.3 13 
Arctic Sea Routes 4.2 17 
Northeast Passage—Northern Sea Route (NSR) 3.9 17 
Continuation of globalization 3.9 17 
Trans-Arctic crossings 3.6 16 
Northwest Passages (NWPs) 3.4 16 
 
In table 4 above, uses a Likert scale 1 to 5. However, in this Policy Delphi the average 
(A) that is the actual numbers are rounded up mathematically in the following manner: 
(1.5 or over is slightly important; 2.5 or over is moderate; 3.5 or over is fairly important; 
4.5 or over is very important).  
The above results are from the Round I Pilot Survey. The main driver of Arctic growth is 
increasing Arctic commodity prices and raw materials with an average of (4.7) and (with 
17 out of 19 panelists). Therefore this is ‘very important.’ This was followed by 
increasing world population with an average of (4.4) and thus is ‘fairly important.’ 
Consolidation trend in AMT was next with an average of (4.3) and (with only 13 out of 
19 panelists). Arctic Sea Routes was ranked next, with an average of (4.2) (with 17 
panelists). The preceding two evaluations are ranked as ‘fairly important.’  
The Northeast Passage—Northern Sea Route (NSR) was ranked the highest with an 
average of (3.9) (with 17 panelists). Continuation of globalization was next with an 
average of (3.9) (with 17 panelists). This was followed by Trans-Arctic crossings with an 
average of (3.6) (with 16 panelists). The final two rankings would be ‘fairly important.’ 
The Northwest Passages (NWPs) were ranked in the lowest position with an average of 
(3.4) and (with only 16 panelists) is ranked as ‘moderate.’ Other trends were recorded 
however none of the panelists evaluated them numerically, thus they were excluded from 
this table. The NWPs are more problematic for transits with its thicker ice and ice-floes 
resulting from circulatory patterns, than the NEP that is more open or ice-free depending 
on the time of year or in winter has with thinner one-year ice mixed with multi-year ice.  
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To sum, the main economic driver is increasing prices for commodities and raw materials 
for the emerging Arctic possibilities with thinning sea ice that will require ice-class 
vessels (whether produced from the Finnish AMT cluster or AMT produced outside of 
Finland’s cluster). There is a causal connection to increasing world population that pushes 
demand for resources accelerating Arctic economic development. Consolidation as           
a trend within AMT is one way to ensure greater profits, however it carries the risks of 
technology transfers. This is more likely with growing international networks of 
cooperation.  
Arctech which is to be owned 100 percent by the Russian company United Shipping 
Corporation (Finland Times, 2013) has constructed ice-class tankers in St. Petersburg’s 
Admiralty Shipyards, located in the town of Kronstadt on the island of Kotlin since 1997 
(United Shipbuilding Corporation (Russia) 2014). In fact, regarding the Arctic sea routes: 
“one of the key findings of the Arctic Climate Impact Assessment (ACIA) was that 
reduced sea ice is very likely to increase marine transport and access to resources” 
(AMSA, 2009, 2). As stated by Smith and Gascard et al., ‘the Arctic may be ice-free by 
2035 or perhaps to the end of the century’ (Smith 2010 and Gascard et al. 2008).            
Dr. Lawson W. Brigham worked on a climatic study indicating the Arctic Ocean may be 
seasonally ice-free by 2030 (Brigham 2011).  
Arctic tourism to view Arctic nature and icebergs with new ice-class vessels is expected 
to increase. This will benefit the FAMT cluster using Finnish know-how and ice 
expertise. Arctic cruise ships should also be equipped with ice-class safety boats and gear. 
Thus, possibilities for Arctic shipping along Arctic sea routes will become enhanced 
slowly and steadily in the next two decades. The primary thrust or focus is Arctic 
shipping along the NEP, because it is more open during the ice-free months and also is 
being heavily promoted by the Russian Federation. Trade flows on the NEP are likely to 
and from Eurasia to either Europe or to Asia consistent with ongoing globalization.  
Trans-Arctic crossings allow global shipping to sail in international waters in the Arctic 
Ocean, to avoid fairway fees (complained about as excessive controls and fees for 
icebreaking at times not even needed with the new polar-class ships)  along Russia’s 
Arctic rim. The Northwest Passages are less open than the NEP due to ice circulatory 
patterns and its narrower waterways. Its proximity to Greenland with its nearly two-mile 
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ice sheet impacts the NWPs with thicker ice requiring icebreaking assistance from 
Canada’s Coast Guard or the United States Coast Guard depending where the ship is 
sailing. The US was down to one icebreaker the Healy, out of 5 icebreakers. Some of the 
American ice-breakers are awaiting repairs. United States Congress finally funded 
modernization of its Polar ice-breakers (Congressional Report 2013).  
In conclusion, FAMT is likely to grow with the global recognition of the Finnish AMT 
cluster being dominant in the global market in terms of consulting, design, ice-model 
testing, and construction. The United States Navy and Coast Guard and the Canadian 
Coast Guard are users of FAMT.  For example, the United States Coast Guard’s polar-
class ship, the Healy and the Canadian ship, the Louis St. Laurent were designed by Aker 
Arctic (Aker Arctic 2012). The breadth of their work may be reviewed from their 
corporate website or by reading the company newsletter: Arctic Passion News. 
 
STRONG PROSPECTIVE TRENDS—FROM ROUND I AND ROUND II  
Below in (Table 5) presented are the results of Round I in the left-hand column with the 
statements numbered, see Appendix 4. These SPTs were re-tested to gain quantitative 
data and to obtain ‘other comments’. Thus, Round II is combined with Round I data with 
three groups shown: ‘All’, ‘Finns’ and ‘Foreigners.’ 
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Table 5. Strong Prospective Trends—is evaluated into three groups, Round I and Round II.                                                                         
(1=is not very important 2=is slightly important 3=is moderate 4= is fairly important 5= is very important)  
Nota bene: Below in the left-hand column, the boldface question numbers are ranked based on panelists 
assessment. Thus the numbers are non-consecutive, ranked from the highest to the lowest with the 
exception of ‘other trends,’ due to small sampling numbers. The numbers correspond to the RTD 
questionnaire survey in the (see Appendix 3). 
 
2.1 Strong Prospective 
Trends (SPT): 
  
All Finns Foreigners 
A N Rank 
 
 
A 
 
 
N 
 
 
Rank 
 
 
A 
 
 
N 
 
 
Rank 
6. Increasing prices for commodities 
and raw materials available in the 
Arctic is the main driver for AMT to 
2030. 
4.06 17 2 4.0 9 2 
 
 
4.13 
 
 
8 
 
 
1 
9. Value based development (best 
management practices: e.g. 
strengthens environmental values). 
3.94  16 3 4.0 8 2 
 
 
3.88 
 
 
8 
 
 
3 
5. Technological Development 
(enhances trade in Arctic: e.g. 
Transportation, Energy and ICT. 
3.88 17 4 4.0 9 2 
 
 
3.75  
 
 
8 
 
 
4 
8. Globalization trend continues with 
projections of an ice-free Arctic by 
2050 expands AMT possibilities. 
3.75 16 5 3.78 9 3 
 
 
3.71 
 
 
7 
 
 
5 
1. Arctic Sea Routes increases 
shipping possibilities e.g. shipping 
lanes therein. 
3.65 17 6 3.78 9 3 
 
3.50 
 
8 
 
6 
3. Northwest Passages are also 
important but have different ice 
conditions and challenges. 
3.24 17 7 3.67 9 4 
 
 
2.75 
 
 
8 
 
 
10 
2. Northeast Passage (Northern Sea 
Route) and Northwest Passages are 
vitally important to Eurasian trade. 
3.19 16 8 3.13 8 5 
 
 
3.25 
 
 
8 
 
 
7 
4. Trans-Arctic crossings in 
international waters are important to 
minimize costs and regulations. 
2.94 17 9 3.11 9 6 
 
 
2.75 
 
 
8 
 
 
10 
7. Increasing world population (based 
on United Nations estimates) is an 
AMT driver. 
2.94 17 9 2.78 9 8 
 
 
3.13 
 
 
8 
 
 
8 
10. Consolidation of Arctic marine 
technology (AMT) trend: e.g. STX 
Korea, STX Europe, STX Finland and 
so on. 
2.86 14 10 2.86 7 7 
 
 
 
2.86 
 
 
 
7 
 
 
 
9 
11. Other trend, please list one:    
4.5  4  1  5.0 2 1 
 
4.0 
 
2 
 
2 
--requirement of ice operations 
training and competent crew  
 
1  
 
 1  
   
--changing energy market  
 
1  
 
   
  
 
1 
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In (Table 5) above, uses a Likert scale 1 to 5. However, in this Policy Delphi the average 
(A) that is the actual numbers are rounded up mathematically in the following manner: 
(1.5 or over is slightly important; 2.5 or over is moderate; 3.5 or over is fairly important; 
4.5 or over is very important).   
SPT 6: increasing prices for commodities…‘Foreigners’ ranked first with an average of 
(4.13) ‘Finns’ ranked this second with an average of (4.0).  This is significant because the 
Arctic players are for instance the oil companies, mining companies and others from the 
US and Canada. These actors clearly understand that the main driver is the increasing 
prices for oil and gas and other Arctic resource-based commodities and raw materials that 
is spurring Arctic investments and exploration. As stated earlier, this will benefit FAMT. 
The next one SPT 9: value based development… ‘Finns’ ranked this second with an 
average of (4.0). ‘Foreigner’ ranked this third with an average of (3.88). Finland as           
a nation has clean-technologies for Arctic environmental clean-up, thus its companies in 
the cluster stand to benefit from Arctic development, perhaps more so than the 
‘Foreigners,’ especially in Russia’s Northern oil and gas developments and mining 
complexes. 
SPT 5: technological development…’Finns’ ranked second with an average of (4.0). 
‘Foreigners’ ranked this fourth with an average of (3.75). Finland has achieved the status 
of a knowledge-based economy, for example the so called Nokia phenomena. This 
underscores the importance of regional networks of transportation, energy development 
and the role of ICT in FAMT products from ship monitors and controls to offshore 
systems. The ‘Foreigners’ ranked this to reflect this SPT’s importance. Overall it may be 
to a lesser degree in the highly developed economies of US and Canada that are more 
highly diversified. Because FAMT offer turnkey solutions in ice-going ships, Finnish 
technologies will be utilized, such as Napa and others. 
SPT 8: globalization trend…’Finns’ ranked third with an average of (3.78). ‘Foreigners’ 
ranked this fifth with an average of (3.71). This trend is much more important to the 
FAMT cluster than to the ‘Foreigners’ due to the expected increase in resource based 
--natural resources development  
 
1  
 
   
  
1 
 
--geopolitics related to oil and gas  
 
1  
 
 1  
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extractions requiring transport and logistics from the Arctic sea routes tied to global flows 
to and from different parts of Eurasia, and North American destinations for shipping. This 
mean new orders for specialized ice-going ships, such as bulk carriers and the like. It will 
increase Arctic exploration for oil and gas, minerals and other commodities…et cetera 
benefiting FAMT. 
SPT 1: Arctic sea routes…’Finns’ ranked third with an average of (3.78). ‘Foreigners’ 
ranked this sixth with an average of (3.50). These SPTs are all ranked as ‘fairly 
important.’ This is significant for Finland’s FAMT cluster. Increased shipping will boost 
Finnish exports especially in FAMT for ice-class vessels. This is less true for the 
‘Foreigners,’ who may produce AMT, however, they are not in the leadership position as 
is the case for FAMT. According to one panelist ‘the Americans built an icebreaking ship 
named the Aqvit (Walrus) for ice-management using American engineering. This 
demonstrates potential rival firms in competition to Finland’s cluster using Porter’s 
model.’ 
SPT 3: Northwest Passages…’Finns’ ranked fourth with an average of (3.67) thus it is 
‘fairly important.’ ‘Foreigners’ ranked this tenth with an average of (2.75) thus it is 
‘moderate.’ This SPT represents the greatest difference between two values or averages. 
This represents the greatest discrepancy or difference between averages. The NWPs for 
‘Finns’ is ‘fairly important,’ because FAMT would likely obtain new orders for new ice- 
class vessels needed for Arctic sea routes. US Alaskan and Canadian Arctic oil and gas 
may develop more slowly than in Russia’s North, which is burdened by red-tape and 
multi-regulatory regimes as noted earlier.  
Averages below (3.5)—‘moderate’ are not considered important in terms of SPTs, thus 
SPTs numbered 2, 4, 7, and 10 are neither described nor interpreted in the analysis.  
The ‘Finns’ group ranked first was ice operations crew training and geopolitics related to 
oil and gas, with an average of (5.0)—‘very important’ as recorded by two panelists. The 
‘All’ group selected other SPTs and each of four panelists commented: “requiring ice 
operations training for crews sailing in the Arctic;”“changing energy market;”               
“natural resources development;” and “geopolitics related to oil and gas.” These 
‘other’ STPs were ranked first, with an average of (4.5) (with only 4 out of 19 panelists).  
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To sum, it is interesting that all three groups achieved ‘consensus’ in terms of strong 
prospective trends as an influence to AMT. The quantitative data shows small differences 
that are negligible in the numerical evaluations of the averages. Therefore there is little or 
no ‘dissensus’ with the exception of SPT 3: NWPs between ‘Finns’ average is (3.67) and 
‘Foreigners’ average is (2.75)  (van de Linde & van der Duin 2011, 1557, 1563).  
This may be explained that it is less important to the ‘Foreigners’ comprised of experts 
from the US and Canada, perhaps, because they are leading energy producing nations.  As 
the NWPs become more open, there will be more drilling from offshore platforms, 
although expected to develop more slowly than Russia’s North. This will likely increase 
orders for the small fleets of ice-class ships required for ice management and other oil and 
gas production services: oil spill recovery. Thus, it seems to be more important for the 
aforementioned reason for the ‘Finns.’ The possibilities to ship oil and gas across the 
NEP from the Beaufort Sea to Japanese oil refineries may help Finland’s FAMT to build 
more ice-class tankers and LNG ships (Jones 2013). Finland’s AMT cluster’s ice 
technology is commercially available for export that is what is required to make Arctic 
sea routes possible for transport solutions. 
Therefore, Finnish AMT cluster would likely benefit from increases in shipping along all 
Arctic sea routes and the NWPs. Orders for FAMT may be greatly enhanced, if the 
cluster can remain competitive, which may be achieved by using FAMT’s international 
networks of cooperation in Russia and Asia for cost savings. 
The cluster will no doubt boost exports with the increased economic activity in the US 
and Canadian Arctic rim with increased oil and gas production  and mining, assuming the 
long-term trend of increased prices for commodities and raw materials expected to 2030. 
The strongest SPTs, if the other trends are discounted due to the small sampling, are the 
top three SPTs—6. 9 and 5. Briefly these include the main driver of increasing prices for 
resource- based commodities and raw materials; environmental practices to protect Arctic 
fisheries and ecosystems; and finally technological development in transport and 
logistics, energy and ICT. 
In the case of ‘other trends’, allowing for other comments after a line of queries is 
considered important in Policy Delphi, to obtain additional data that might otherwise be 
missing. Expertise provided in a compelling statement about a future likelihood, that is a 
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real R&D project, is weighed more strongly, when taking into consideration the quality of 
the panelist as an expert. However, this would not be the case if mere statistical analysis 
were considered.  With Policy Delphi, it is difficult to mention statistical error based on 
too few panelists, for example with a small number of panelists weighing in on other 
trends. “What is important when using Policy Delphi is to consider the quality of the 
panelist” in terms of his or her experience and expertise, according to Jari Palomäki,         
a Policy Delphi Researcher (2013-2014). 
Table 6. SPT statements evaluated by three groups of panelists, ‘All’, ‘Finns’, ‘Foreigners’, Round II.  
(1=is not very important 2=is slightly important 3=is moderate 4= is fairly important 5= is very important) 
 
In Table 6 above, the statements are numerically evaluated as SPTs by all 3 groups. 
However, in this Policy Delphi the average (A) that is the actual numbers are rounded up 
mathematically in the following manner: (1.5 or over is slightly important; 2.5 or over is 
moderate; 3.5 or over is fairly important; 4.5 or over is very important).  
‘All’ and ‘Foreigners’ ranked first and ‘Finns’ ranked second for SPT 1:  exploration of 
oil and gas as the most important SPT for FAMT. All three groups had the same averages 
of (4.38). The significance of this has been stated previously with the numerous ice-class 
ships and supply boats to service offshore wells and boost FAMT exports. Finland’s 
2.2 Evaluate statements for Strong 
Prospective Trends (SPT) 
All 
 
Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
1.Exploration and development of oil and gas 
in Arctic Region spurs AMT  
4.38 16 1 4.38 8 2 
 
 
4.38 
 
 
8 
 
 
1 
5. Arctic conditions leads to new innovations in 
AMT 4.0 15 3 3.86 7 4 
 
4.13 
 
8 
 
2 
4. National laws and regulations by various 
regimes affect resource extraction 3.75  16  4  3.63 8 5 
 
 
3.88 
 
 
8 
 
 
4 
2. Green initiatives in AMT shipping increases 
AMT 3.69  16  5  4.13 8 3 
 
3.25 
 
8 
 
6 
3. Ice retreat trend opens up Northeast 
Passage (NSR) and Northwest Passages 3.53  15  6  3.57 7 6 
 
 
3.50 
 
 
8 
 
 
5 
6. Other 'visions' in the changing Arctic 
impacting the field of AMT to 2030: 4.25  4  2  5.0 1 1 
 
4.0 
 
3 
 
3 
--Arctic minerals development 
 
2 
 
   
  
1 
 
--Training of operators 
 
1  
 
 1  
   
--Super power politics 
 
1  
 
   
  
1 
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leadership in FAMT is linked to Porter’s “diamond theory” because of FAMT’s 
productivity and its excellence in project management offering turnkey solutions for ice- 
class vessels. 
SPT 5: Arctic conditions leads to new innovations in AMT was the next most important. 
‘Foreigners’ ranked second, with an average of (4.13). ‘All’ ranked third, with an average 
of (4.0), and ‘Finns’ ranked fourth, with average (3.86). Finland is innovative in FAMT, 
much of its ice technology has been in existence for a number of years, such as double-
hull construction, Azipod “propulsors,” and many other features. These ice technological 
past innovations are proven and extremely reliable, helping to boost exports in FAMT. 
This was more important for the ‘Foreigners,’ the big Arctic players with know-how in 
oil and gas exploration still utilize FAMT for projects like Varandey, ice-class oil and 
LNG tankers, Norilsk Nickels fleet of ice-class ships and others. The significance was 
discussed in previously with ice management still in high demand. 
The next SPT 4: regarding national laws and regulations by various regimes, affecting 
resource extraction (by the Arctic Five nations) that is the strictness or laxity of the 
regulations may impact new AMT positively or negatively. ‘All’ ranked fourth, with 
average of (3.75). ‘Foreigners’ ranked fourth, with an average of (3.88) and ‘Finns’ 
ranked fifth, with an average of (3.63). The gravity of this is that panelists expect Arctic 
development to expand more rapidly in Russia’s North. Finland’s AMT cluster will likely 
supply the anticipated demand for Arctic transportation with new ice resistant vessels 
boosting FAMT. 
The next one is SPT 2: green initiatives in shipping increases AMT. ‘Finns’ ranked third, 
with an average of (4.13), which is significant—‘fairly important’. ‘Foreigners’ ranked 
sixth, with an average much lower at (3.25) Thus, this average is considered not 
important—it is ‘moderate’. ‘All’ ranked fifth, with an average of (3.69), is ‘fairly 
important’.  
The greatest difference between averages is for SPT 2: green initiatives in shipping was 
between ‘Finns’ and ‘Foreigners’. The ‘Finns’ group weighed this more heavily because 
it creates shipyard jobs retro-fitting ships to comply with the new requirements by 
MARPOL by 2017 (Niini 2012). Thus, it is viewed as beneficial to ship yards that 
comprise the FAMT cluster and is cleaner and more sustainable for the environment by 
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reducing air pollutants and employment will likely be significantly expanded before 2017. 
In this example, we see the positive impact of supra-national role of a regulatory body. 
The next trend is SPT 3: ice retreat affecting AMT (meaning FAMT).  ‘Finns’ ranked 
seventh, with an average of (3.57) is ‘fairly important’. ‘Foreigners’ ranked fifth, with an 
average of (3.50) is slightly lower, but it is still viewed as ‘fairly important’.  ‘All’ ranked 
sixth, with an average of (3.53)—also ‘fairly important.’ With the anticipated extended 
shipping seasons of ice-free waters, economic activities in the Arctic are expected to 
increase dramatically along Arctic sea routes (NEP and NWPs) boosting orders for 
Finnish AMT. 
Other ‘visions’… listed are “Arctic minerals development”; “training of operators”; and 
“super power politics”. ‘Finns’ ranked as first, with an average of (5.0) as very important 
the training of operators. ‘Foreigners’ ranked third, with an average of (4.0) Arctic 
minerals development and superpower politics both as ‘fairly important’. ‘All’ ranked 
second, with an average of (4.25) with 4 panelists who voted twice for Arctic mineral 
development, and one each for training of operators and superpower politics.  
To sum, the exploration of oil and gas as SPT 1 may yield the greatest benefit to FAMT, 
because of the ratio of offshore platforms to ice-class ships required stated earlier in this 
study. All three groups found ‘consensus’ on this trend. Resource extraction of 
minerals—lead, zinc, iron, nickel, palladium and platinum—found in mother loads in the 
Arctic will further boost FAMT.  
Arctic conditions leads to innovations in AMT was rated higher by the ‘Foreigners’ than 
the ‘Finns’, because Finland is known for its know-how and ice expertise in building ice-
breakers and they are users of FAMT.  Ice conditions are typically thicker in the NWPs as 
mentioned earlier due to proximity to Greenland’s Ice Sheet, requiring more powerful 
ice-breakers to cut the thicker ice. The overall thread is that these SPTs are expected to 
boost FAMT exports based on Finland’s competitiveness in the design and testing of 
FAMT. Productivity is likely to improve with its highly skilled worked force, assuming 
ongoing training. Innovation will further boost FAMT, assuming that Finland’s research 
and development funding remains high. 
Next is SPT 4: national laws and regulations by the Arctic Five nations will likely impact 
AMT and spur economic development increasing orders for FAMT. Theoretically, Russia 
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is likely to develop more quickly, where the laws are more lax because of their national 
Arctic strategy and the importance of their supplying oil and gas to Europe. This should 
increase all different types of ice-class vessels built for resource extraction. The only 
caveat would be economic downturn due to negative geopolitics or superpower politics.  
Finland has a favored trading status with Russia as compared to the US and Canada. 
Western experts weighed in on this trend, SPT 4, more heavily, because of the 
bureaucratic red tape and environmental opposition groups lobby their governmental 
leaders against Arctic development. These kinds of activities impedes and slows down the 
pace of economic activity in the US and Canada. Porter’s theory discusses the role of 
government. In North America, the regulations and bureaucracy retard development in 
energy rich nations perhaps by governmental intent. However, investments may be 
considered safer in the US and Canada where there is greater transparency in governance 
and little corruption. Sea ice retreat should benefit AMT as an SPT. ‘Finns’ weighed this 
as more beneficial to Finnish interests in the Finnish AMT cluster than the ‘Foreigners’ 
group, as it should increase traffic along the NEP more quickly enhancing Russian Arctic 
economic developments. To sum, nearly all of these SPTs evaluated will more than likely 
boost FAMT exports.  
 
INTERPRETATIONS OF SPTS—ROUND II 
In this section, the experts gave their interpretations on the SPTs in the form of free 
comments quoted below in (Table 7) in italics. 
Table 7. Experts’ interpretations of the development of the SPT impacting AMT, Round II. 
 
2.3 How do you interpret the development of the SPTs ( described in Question 2.1 in 
Appendix 4) impacting Arctic marine technology?                                                                                   
(Bold Face—Finnish panelists; Foreigners—without bold face) 
 “Arctic ice retreat is a factor, but the real driver is global commodities prices as the Arctic becomes more connected to 
global markets. The Northeast Passage is defined from the Russian-Norwegian border in the west to the Bering Strait; 
the Northern Sea Route is defined by Russian law as the set of routes between Kara Gate and Bering Strait…thus, the 
NEP and the NSR are not the same. Arctic minerals development in Russia, northern Norway, Greenland, Canada and 
the USA (Alaska) is a key driver in the need for bulk carrier capacity in Arctic waters.” 
“Development in AMT will be driven by hydrocarbon related operations”. 
 “More transport capacity will be needed in the Arctic region”. 
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“For commercial shipping solutions good opportunities in the North-East passage / crossing the North Pole. For off-
shore-business the field price / total cost of production and the energy market prices will make the difference—feasible 
or not”. 
“Oil and gas is a long term development as not until an actual find of any size has been discovered and is of an 
economical size/scope to drive to the production stage will industry move forward. Trade routes may be an area of 
development due to the receding ice patterns”. 
“Utilisation of unconventional oil and gas reserves offers additional options for Europe and Far East countries 
for the energy supplies. This may affect the development of the Arctic reserves (like Shtokman and Yamal 
gas)”. 
 “Arctic activity will normally generate innovation in FAMT”. 
 
Table 7 above lists quotations: by either the ‘Finns group’ (bold face quotations) or the 
‘Foreigners group’ (quotations without bold face). The first comment discusses sea ice 
retreat and the main driver is the strong demand for commodities increasing prices except 
in an economic downturns. The NEP is the more precise term for what Russian’s refer to 
as the ‘NSR’—Northern Sea Route—by Russia’s own legal definition it is incorrectly 
used for the NEP. Resource extraction is the key driver for AMT shipping. The second 
and third comments are from the ‘Finns group’ and have been confirmed by the Delphi-
panel with consensus. The fourth comment reflects the thinking of an oil and gas expert, 
who stated in Round I:  “Arctic oil and gas is 4 to 5 times more costly to develop than oil 
from the Gulf of Mexico.” It confirms that the NEP is open with fewer challenges to 
shipping than the NWPs.  
Furthermore, the trans-Arctic crossings are important to save time and money. Arctic 
offshore profitability is based on relatively high energy prices and the long-term prospects 
of high demand. The fifth comment confirms the oil industry’s long term approach to 
Arctic energy with long development and production cycles. Sizeable finds are more 
profitable and are likely to be exploited more rapidly over the long-term.  
Port infrastructure development is anticipated along the NEP and NWPs, mainly 
supported economically by resource extraction along the Arctic rim nations. Cargotech is 
a Finnish company and manufacturer of port equipment designed and tested to withstand 
the harshest Arctic weather and conditions. Cargotech signed a co-operation agreement 
with Russia to supply the NEP’s ten northern-most ports in need of infrastructure 
upgrades. (Port Technology 2011). 
The sixth comment reflects the need by Europe to diversify their energy away from 
hydrocarbons and R&D developing within Finland with non-conventional energy from 
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bio-mass, wind power and other sources. Finally, the seventh comment seems clear that 
Arctic economic activity increases demand for AMT and Finnish AMT. 
Table 8. Experts interpretations the development of the SPT impacting FAMT, Round II. 
2.4.  How do you interpret the development of the SPT impacting the Finnish Shipping 
Sector (FAMT)?  (Bold Face—Finnish panelists; Foreigners—without bold face) 
 
1. “Globalization of the Arctic will require continued FAMT advanced and investment. Ship systems development 
(design, navigation and propulsion) will be critically required throughout the Arctic. Russian companies will be 
particularly active seeking Finnish technology and services”. 
 
2.“Human skill and holistic system approach required to manage offshore risks, “Winter-navigation culture” 
could be Finnish and “hard to copy” success factor”. 
 
3. “Finnish shipping sector should invest more towards the Arctic technology”.  
 
4. “Large bulkers or LNG / oil carriers used in the North-East Passage will increase probably in the future. The 
construction of steel works is not necessarily the scope of the Finnish ship yards but the higher value added 
components …. Maybe also the material technology”. 
 
5. “FAMT has expertise / knowledge in these areas which others do not have and therefore stand to benefit from any 
developments”. 
 
6.“Long term experience and co-operation with Russia helps Finnish technology to be utilized in the Arctic 
developments”. 
 
The first comment in (Table 8) above states: that the Arctic will play a significant role in 
globalization with a positive impact on FAMT advancements and investments. The 
changing Arctic environment requires technological development benefiting FAMT in 
design and R&D testing, navigation and controls; and propulsion systems (ABB’s 
Azimuth “propulsors”) that are proven under certain parameters. Russian companies need 
Finnish ice technology, which should help boost exports to Russia with their active 
promotion of the NEP and its Northern Arctic Strategy mentioned previously.  
The second comment by a Finnish expert explains why the Finnish cluster may continue 
to earn its reputation as the industrial cluster leader. It is grounded on its geographical 
location and winter-navigation culture, a necessity for the sea ice in the Gulf of Finland 
and the Gulf of Bothnia. The third comment by a Finnish expert reflects the need by the 
Finnish shipping sector to invest more in ‘Arctic technology’ to benefit the FAMT cluster. 
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The fourth comment articulates the importance of LNG vessels. Currently, LNG 
production represents 6 percent of the energy market in Russia, but it is expected to 
become 16 percent by 2030 (Bambylyak & Franzen 2009, 32). The fifth comment reveals 
the importance of expertise and know-how within FAMT—which should benefit the 
FAMT cluster being at the forefront of Arctic technology.  
The sixth comment by a Finnish expert explains the close working relationship between 
Finland and Russia that developed out of the reparations made by Finland to Russia after 
the Second World War. YYA: Sopimus ystävyydestä, yhteistoiminnasta ja keskinäisestä 
avunannosta—Treaty of Friendship, Co-operation and Mutual Assistance is not in effect 
currently. However, this close relationship should help Finland’s cluster in serving the 
development needs of Russia’s North to 2030 primarily because of Finland’s global 
leadership position in FAMT. 
To sum, a synthesis of the data means that Finland’s AMT cluster and leadership are due 
to home “demand conditions” (from Porter’s “diamond theory”). These conditions 
developed a winter-navigation culture that will help to ‘globalize the Arctic.’ The key 
factors for FAMT’s success is its long-term experience and cooperation with Russia, 
anticipated are new orders for Finnish ice technology to be utilized for new ships and 
offshore platforms and other related technologies. This combined with Toivonen’s SPT 
theory of impacts from weak signals and wild cards, in this instance favorably impacts on 
the FAMT cluster with the climatic changes and receding ice in the Arctic making 
shipping lanes more accessible, but requiring  Finnish ice-going ships and other vessels. 
 
5.1.2. WEAK SIGNALS 
The weak signals in (Table 9) are presented as numbered statements that were provided in 
Round I as qualitative comments. The weak signals were assessed by the panelists for 
quantitative analysis, considered more measurable and easy to evaluate. Weak signals are 
defined as ‘new phenomena of change of specific impacts which may critically alter the 
course of events or the future direction’ (Rubin 2012). ‘A weak signal can also be an 
‘emerging issue’ (Vapaavuori & von Bruun 2003).’ 
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Table 9. Weak Signals collected from the panelists in Round I and assessed in Round II by the Likert scale 
(1 = none  2 = low  3 = moderate  4 = high  5 = critical). 
 
3.1  Weak Signals: taking 
into account developing 
FAMT  
All 
 
Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
1.Technological innovations increase  
AMT e.g. sustainable ice-class vessels 4.0 15 2 4.14 7 2 
 
 
3.88 
 
 
8 
 
 
2 
7. In-house R&D for oil companies 
leads to game-changing innovations 
e.g. robotics and submarine drilling 
platforms 'below-the-ice' impacts ice 
management and AMT.  3.92 13 3 3.71 7 4 
 
 
 
 
 
4.17 
 
 
 
 
 
6 
 
 
 
 
 
1 
3. Increase satellite coverage in Arctic 
will eventually provide ship captains 
with near real-time navigation controls 3.88 16 4 4.0 8 3 
 
 
3.75 
 
 
8 
 
 
4 
4. Polar Code needs flexibility of 
efficiency standards for icebreakers 
design index to eliminate market 
confusion. 3.79 14 5 4.0 7 3 
 
 
 
3.57 
 
 
 
7 
 
 
 
7 
13. Hydrological data is critically 
needed for navigation of Arctic sea 
routes: impact to AMT (data gathering 
restricted to summers) 3.79 14 5 3.71 7 4 
 
 
 
3.86 
 
 
 
7 
 
 
 
3 
11. Environmental protection of 
threatened species of large marine 
animals—slows energy development in 
some sub-regions of Arctic.  3.50 14 6 3.29 7 7 
 
 
 
 
3.71 
 
 
 
 
7 
 
 
 
 
5 
12. Devolution of power to indigenous 
peoples influences decision-making in 
positive ways e.g. Baffinland Project 
adds delays. 3.50 14 6 3.57 7 5 
 
 
 
3.43 
 
 
 
7 
 
 
 
8 
10. Public attitudes on oil and gas 
consumption impact future 
developments and leads to greater 
conservation (green solutions).  3.47 15 7 3.29 7 7 
 
 
 
3.63 
 
 
 
8 
 
 
 
6 
5. Land transport decisions: railways 
and pipelines to southern ports will 
impact AMT.  3.33 15 8 3.43 7 6 
 
 
3.25 
 
 
8 
 
 
9 
8. Settlement by Norway and Russia of 
their maritime boundary dispute in the 
Barents Sea will increase and spurs 
AMT for offshore and oil and gas 
exploration and development 
implications on AMT. 3.20 15 9 3.43 7 6 
 
 
 
 
 
3.0 
 
 
 
 
 
8 
 
 
 
 
 
10 
9. Post-Fukushima nuclear disaster 
had led to anti-nuclear sentiments 
globally increased the need for Arctic 
oil and gas and spurs development 
throughout the Arctic rim nations.  2.93 15 10 3.0 7 8 
 
 
 
 
2.88 
 
 
 
 
8 
 
 
 
 
11 
6. Transport decision-making for 
Finnish mining ore for shipment to 
ports in Murmansk, Russia or 
Kirkenes, Norway or both to 2030 is 
essential. 2.71 14 11 2.43 7 9 
 
 
 
 
3.00 
 
 
 
 
7 
 
 
 
 
10 
14. Other Weak Signals?  
--Limited number of experienced 5.0 2 1 5.0 2 1 
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In (Table 9) above, weak signals were evaluated using a 1 to 5 Likert Scale: 1-none, 2-
low, 3-moderate, 4-high, 5-critical. However, in this Policy Delphi the average (A) that is 
the actual numbers are rounded up mathematically in the following manner: (1.5 or over 
is low; 2.5 or over is moderate; 3.5 or over is high; 4.5 or over is critical). 
Please refer to weak signals—1, 7, 3 and 4, all are validated as ‘high’. Weak signal 
number 1, technological innovations shows ‘consensus’ with all three groups ranked 
second. The average for the ‘Finns’ was (4.14) as compared to (3.88) for the ‘Foreigners’. 
This was discussed previously, innovations in FAMT that is with sustainability leads to 
more employment at Finnish Ports.  
Weak signal number 7, in-house R&D for oil companies ranked first by the ‘Foreigners’ 
with an average of (4.17) as compared with the average of the ‘Finns’ as (3.71) that 
ranked fourth. It is ranked third by ‘All’ with an average of (3.92). This is clearly more 
preferred by the ‘Foreigners,’ actively pursuing game-changing automated drilling 
operation systems below the ice, will greatly reduce personnel costs and eliminate the 
need for ice-management. 
Weak signal number 3, on the need for increased satellite coverage in the Arctic with 
real-time capacity was ranked third by the ‘Finns’ with an average of (4.0) compared to 
the ‘Foreigners’ ranked fourth with an average of (3.75). ‘All’ ranked fourth with an 
average of (3.88). The ‘Finns’ expressed a stronger preference for this weak signal 
because real-time capabilities can be profitable for their ship controls and monitor 
companies and reduce the threat of ships sunk due to icebergs. This should increase 
Arctic marine shipping making it safer, boosting FAMT required for Arctic transport. 
‘Finns’ ranked third, with an average of (4.0) the weak signal number 4, regarding the 
Polar Code allowing flexibility in efficiency standards. This is in their self-interest as the 
main ice-breaker cluster. Icebreakers require powerful engines and specialized propellers 
to break ice and chop through it. Steerprop makes these special extra strong propellers in 
individuals requires rapid development 
of training facilities and systems. 
--Development of unconventional oil 
and gas.  
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the main cluster. Wartsila is the main builder of engines for icebreakers that stands to 
benefit with new orders for ice-class ships, a large global corporation within the FAMT 
cluster. ‘Foreigners’ ranked it quite lower as seventh with an average of (3.57). ‘All’ 
ranked fifth, with an average of (3.79).  
Weak signal number 13 on the dire need for better hydrological data ranked third by the 
‘Foreigners’, with an average of (3.86) as compared with the ‘Finns’ with an average of 
(3.71). Better hydrological data is nearly as important to both groups but the ‘Foreigners’ 
are developing oil and gas fields in the Arctic with supersized oil tankers. This will 
improve Arctic shipping lanes safety and furnish oil companies with enhanced data. The 
oil and gas companies have a profit incentive to ensure safe delivery of oil and gas and to 
avoid the negative consequences of oil tanker spills. LNG tanker spills are considered not 
as damaging to the environment. This should also increase demand for FAMT. 
Weak signal number 11 on environmental restrictions to protect Arctic mammals as 
slowing down development was ranked fifth by ‘Foreigners’ with an average of (3.71) 
compared to the ‘Finns’ ranked seventh, with an average lower (3.29)—‘moderate’. ‘All’ 
ranked sixth, with an average of (3.5)—is ‘high’, but less so for the ‘Finns’, perhaps 
expecting more orders for FAMT from the Russian Arctic development. In the US and 
Canada there is the existence of powerful environmental NGOs that lobby the legislative 
branches of government to protect threatened species as an important priority. However, 
both these two countries are major energy producers despite vast Arctic reserves. 
Weak signal number 12, on devolution to indigenous peoples giving them more say in the 
permitting process of megaprojects e.g. Canada’s Baffinland but adding delays was 
evaluated by the ‘Finns’ ranked fifth, with an average of (3.57). ‘Foreigners’ ranked 
eighth, with an average of (3.43) scoring it as ‘moderate’. ‘All’ ranked sixth, with an 
average of (3.50) scoring as ‘high’. Thus, this shows that Finnish people seem to be more 
concerned about the indigenous peoples of the Arctic rim nations, whether living in 
Russia or North America than ‘Foreigners’ do perhaps because of the delays in 
permitting. Some indigenous peoples in the Arctic are becoming pro-development for 
jobs, because their way of life has changed with climate change. 
Weak signal number 10, public attitudes on oil and gas consumption impact future 
developments and leads to greater conservation scored as fairly important to the 
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‘Foreigners’ ranked sixth, with an average equal to (3.63). ‘Finns’ ranked seventh, with 
an average lower equal to (3.29). The ‘Foreigners group’ considers conservation to be       
a higher priority than the other two groups. The US and Canada are rich nations both with 
bigger populations than Finland and thus worse air quality due to pollution, but are 
willing to seek conservation measures to improve air quality. Demand for energy should 
remain steady that is likely to create the need for Arctic drilling requiring additional 
FAMT. 
Other weak signals were regarding rapid development of training facilities and systems 
both development of unconventional oil and gas ranked first, both with an average of  
(5.0) as very important (by one panelist in the ‘All’ group and another in the ‘Finns’ 
group). The first concerns the need for operator training being made a requirement for 
Arctic navigation. This is important for Arctic shipping safety, especially where search 
and rescue vessels are either non-existent or being funded in the future by the Arctic 
Council formula. The other was dealing with unconventional oil and gas which may be 
important for Finland’s energy mix to diversify away from their reliance on Russian oil 
and gas with bio-mass energy and other sources. 
To sum, many of the weak signals are assessed are favorable to FAMT to 2030 and would 
boost orders. One has negative consequences, for instance the game changing below-the-
ice technology for automated sea floor drilling units. This innovation and engineering feat 
would decrease the need for ice management, but this is in the developmental stage and is 
unproven.  
 
5.1.3. WILD CARDS 
The wild cards listed in the table below were collected in Round I, and re-tested for 
quantitative data in Round II, after Policy Delphi feedback before Round II. A wild card 
is defined as ‘a low probability of occurrence however its impact to the oncoming 
development is of high influence or “emerging issues” (Rubin 2012).’ The classic wild 
card is a global pandemic caused by influenza, which has the potential to kill millions. 
Question 2 was omitted because the entire panel evaluated it as of low importance to the 
FAMT cluster. 
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Table 10. Wild Cards collected in Round I and assessed by the panelists for quantitative data in Round II.                           
(1 = none  2 = low  3 = moderate  4 = high  5 = critical)                                                                    
4. Wild Cards taking into 
account developing FAMT 
All 
 
Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
1. Oil tanker spill similar to the Valdez 
or well-head leak like BP horizon will 
lead to stronger regulations and slow-
down Arctic energy development. 4.13 15  1  4.22 9 1 
 
 
 
40 
 
 
 
6 
 
 
 
1 
4. Arctic tourist ship disaster similar to 
the Costa Concordia affects all cruise 
ships.  3.73  15  2   3.56 9 3 
 
 
4.0 
 
 
6 
 
 
1 
6. Arctic preparedness for oil spill 
recovery is presently deemed 
inadequate due to lack of manpower, 
harsh environment, ice conditions, 
darkness may lead to new oil cleanup 
technologies with R&D.  3.71  14  3  3.88 8 2 
 
 
 
 
 
3.50 
 
 
 
 
 
6 
 
 
 
 
 
3 
3. Climate change debates influence of 
Arctic shipping by new environmental 
emission standards.  3.64  14  4  2.33 9 8 
 
 
3.50 
 
 
6 
 
 
3 
11. Arctic Region has insufficient 
Search and Rescue (SAR) despite 
Arctic Council agreement.  3.36  14  5  3.50 8 4 
 
 
3.17 
 
 
6 
 
 
4 
9. Dwindling world oil reserves is 
leading to global exploration and 
alternative energy by tidal, wind and 
seismic.  3.21  14  6  3.25 8 5 
 
 
 
3.17 
 
 
 
6 
 
 
 
4 
5. U.S. emerges as leading energy 
producer of natural gas through shale 
deposits to reduce oil from Prudhoe Bay 
with multiple regulatory regimes.  3.14  14  7  2.63 8 7 
 
 
 
3.83 
 
 
 
6 
 
 
 
2 
2. Middle East instability compared with 
the safety of the Arctic. 3.07  15  8  3.0 9 6 
 
3.17 
 
6 
 
4 
7. Russia's 'Atomflot' nuclear 
icebreakers are equipped with oil 
recovery equipment which are assigned 
to designated ships sailing the NSR.  2.93  14  9  3.0 8 6 
 
 
 
2.83 
 
 
 
6 
 
 
 
5 
8. Climate changes in Arctic Region 
could affect weather possibly leading to 
hurricanes and tornados.  2.67  15  10  2.33 9 8 
 
 
3.17 
 
 
6 
 
 
4 
12. Peaceful development of Arctic 
resources hoped for, what if scarcity 
leads to aggression.  2.5  14  11  2.63 8 7 
 
 
2.33 
 
 
6 
 
 
6 
10. Global cooling due to excessive 
volcanic activity and its impact on Arctic 
ice conditions.  2  15  12  2.22 9 9 
 
 
1.67 
 
 
6 
 
 
7 
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In (Table 10) above, wild cards were evaluated as to their impact to FAMT using a 1 to 5 
Likert Scale: 1-none, 2-low, 3-moderate, 4-high, 5-critical. However, in this Policy 
Delphi the average (A) that is the actual numbers are rounded up mathematically in the 
following manner: (1.5 or over is low; 2.5 or over is moderate; 3.5 or over is high; 4.5 or 
over is critical). 
Wild Cards number 1 was rated as a ‘high’ probability of occurrence, however none were 
rated critical. The wild card number 1 ranked first by all three groups: is the likelihood of 
an Arctic tanker spill similar to the Valdez or a major disaster such as the Macondo well 
head explosion (also known as the BP Deepwater Horizon) that fouled the Gulf of 
Mexico with one of the largest oil leaks in 2010. ‘Finns’ average was the highest, with an 
average of (4.22) compared with ‘Foreigners’ as (4.0) and ‘All’ as (4.13).  The ‘Finns’ 
care slightly more about the environment. 
Wild card number 4, an Arctic tourist ship disaster similar to Costa Concordia would 
affect all cruise ships, the ‘Foreigners’ ranked first as well, with an average equal to (4.0). 
‘Finns’ ranked third, with an average equal to (3.56) compared to ‘All’ ranked second, 
with an average of (3.73). The ‘Finns’ benefit ice-class oil tankers with double hole 
construction and seemed to be more environmentally conscious to protect the Arctic 
environment.  
Wild card number 6, Arctic preparedness for oil spill recovery was ranked second by the 
‘Finns’, with an average equal to (3.88) but ranked third by the ‘Foreigners’, with an 
average equal to (3.50).  
Wild card number 5, US emerges as a leading energy producer, was ranked second by the 
‘Foreigners’, with an average equal to (3.83). The ‘Finns’ ranked seventh, with an 
average equal to (2.63). Thus, it is ‘fairly important’ of a high potentiality of occurrence 
that is with the U.S. as an energy leader from ‘fracking’ there is less likelihood of Arctic 
Alaskan development in Prudhoe Bay. The ‘Finns’ are more interested in Prudhoe Bay oil 
and gas production because it requires ice-class vessels. The remainder of wild cards is 
rated sufficiently moderate to low in potential of occurrence in the panels view and is 
neither discussed nor interpreted. This wild card displayed the biggest discrepancy in 
11. Other Wild Cards? None provided.      
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numbers was between the ‘Foreigners’ and the ‘Finns’. The Americans see shell deposits 
as safer as Arctic oil from offshore developments in Prudhoe Bay that are deemed riskier 
and more expensive to the environment. 
Wild card number 11, Arctic region has insufficient search and rescue, the ‘Finns’ ranked 
fourth, with an average of (3.50), scored as ‘high’. The ‘Foreigners’ ranked fourth, with    
a much lower average of (3.17), scored as ‘moderate’. The ‘Finns’ will benefit from ice- 
class search and rescue vessels. 
To sum, the ‘Finns group’ rated high to critical the possibility of the wild card of an oil 
tanker disaster or well head blowout as a potential threat to the environment as well as 
AMT. Several leading panelists were in agreement that such a disaster is likely to occur in 
the future and that it will result is stringent new environmental laws slowing down Arctic 
development 10 to 15 years. However, one leading panelist took a contrarian approach 
and stated that despite new regulations oil and gas exploration would continue with little 
abatement. A tourism ship disaster could be potentially devastating with several 
thousands of passengers being affected despite the Arctic Council agreement on search 
and rescue, between the Arctic nations but the manpower may not yet be in place. The 
distances in the Arctic are vast, thus it would likely negatively impact cruise ships with 
stiffer regulations. However, these may require ice-class safety boats and gear to 
minimize the loss of life. 
 
5.1.4. IMPACTS TO FAMT  
This section on the impacts of evolving technology to the development of FAMT deals 
with the ten divisions of differing types of products and services within the cluster.  
 
 
 
 
 
95 
 
Table 11.1. Impacts to development of AMT: Leading clusters / sectors and products to 2030, Round II.    
Question 6.1 Taking into account the changes you  mentioned  regarding AMT demand in Part I:            
How important is it to develop or follow one cluster in Finland?                                                                             
(1 = none  2 = low  3 = moderate  4 = high  5 = critical) 
 
In (Table 11.1) above, impacts to FAMT were evaluated using a 1 to 5 Likert Scale: 1-
none, 2-low, 3-moderate, 4-high, 5-critical.  However, in this Policy Delphi the average 
(A) that is the actual numbers are rounded up mathematically in the following manner: 
(1.5 or over is low; 2.5 or over is moderate; 3.5 or over is high; 4.5 or over is critical). 
6.1  Impacts of the evolving 
technology to development of 
the AMT and FAMT  
 
All 
 
Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
1. Environmental products: (for 
example clean-tech): 4.54  13  1  4.56 9 1 
 
 
4.50 
 
 
4 
 
 
1 
2. ICT: specialized software for 
real-time monitoring and ship 
controls: 4.17  12  2  4.13 8 3 
 
 
4.24 
 
 
4 
 
 
3 
3. Weather forecasting services 
and monitoring systems:  4.15  13  3  4.44 9 2 
 
 
3.50 
 
 
4 
 
 
6 
4. Shipyards for construction of 
icebreakers and other ice- 
class vessels: 4.15  13  3  4.11 9 4 
 
 
4.25 
 
 
4 
 
 
2 
5. Ship Navigation systems and 
controls:  4.08  13  4  3.89 9 6 
 
 
4.50 
 
 
4 
 
 
1 
6. Safety and Rescue Products:  4.08  13  4  4.0 9 5 
 
4.25 
 
4 
 
2 
7. Offshore technology: oil and 
gas, wind and other:  3.92  13  5  4.0 9 5 
 
 
3.75 
 
 
4 
 
 
5 
8. Transportation and logistics 
(along viable Arctic sea 
routes): 3.46  13  6  3.22 9 7 
 
 
4.0 
 
 
4 
 
 
4 
9. Subsea technology: (below 
the ice equipment for oil and 
gas industry, well-head 
preventers with safety 
features, underwater 
pipelines, subsea robotic 
drilling platforms, and other: 3.46  13  6  3.22 9 7 
 
 
 
 
 
 
4.0 
 
 
 
 
 
 
4 
 
 
 
 
 
 
4 
10. Oil and Gas Exploration:  3.23  13  7  2.89 9 8 
 
4.0 
 
4 
 
4 
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Impacts to the development of AMT and FAMT are compared by ‘All’, ‘Finns’ and the 
‘Foreigners’. Evaluated are the first, second, and third selections made by ‘Finns’ and 
‘Foreigners’ and the greatest change or discrepancy between the two groups, for example 
oil and gas exploration discussed afterwards. All three groups ranked first the selection—
environmental products. The ‘Finns’ scored this with an average of (4.56), which is 
slightly higher than the ‘Foreigners’ average of (4.50). This is significant, because of the 
demand for environmental technology products to keep the Arctic clean. Finland strongly 
advocates for a clean Arctic environment. Finnish companies developed “clean-tech” 
industries to protect the environment. With the inevitability of oil spills and leaks, and 
chemical spills at sea, the “clean-tech” may well be poised for growth with increased 
Arctic development. This category in FAMT is the one with the greatest demand and the 
possibilities for research and development. All three groups viewed the environmental 
technology as ‘critical’. What are the needs for additional R&D facilities to meet the 
demand for Arctic oil and gas and the high possibilities for the need for environmental 
clean-up?  
The ‘Foreigners’ ranked first another selection—ship navigation systems and controls, 
with an average of (4.5) scored as ‘critical.’ The ‘Finns’ ranked that one sixth with an 
average of (3.89). This is potentially a huge market for the industry leaders of 
sophisticated instrumentation and monitors tied to Arctic satellite feeds. However, 
additionally there is a present need for additional satellite coverage for the Arctic Region 
with real-time capabilities for ice movements for ships monitors to help sea captain 
navigate safely. This compared with the ‘Finns’ ranked second—weather forecasting 
services and monitoring systems. This is significant for many reasons within Finland and 
in the Arctic for the sake of survival, during harsh cold weather for human safety and 
winter-navigation of ships in icy waters. 
The ‘Foreigners’ ranked second two selections: shipyards for construction of ice-breakers 
and other ice-class vessels and safety and rescue products both with averages of (4.25)—
scored as ‘high’. It must be noted that panelists from the US and Canada both have 
shipyards that they would prefer to see used for ship construction of ice-going vessels. 
Some panelists understand the importance and leadership position of FAMT, because it is 
based on “experience,” “technological leadership” and innovation”. This is important for 
Finland to keep its Arctech Helsinki Shipyards busy building ice-breakers and other ice-
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going ships inside its dry-dock buildings. This helps to protect company secrets and to 
prevent technology transfers. Other innovations are shared at professional conferences, 
for example the performance of ABB’s Azimuth “propulsors” for ice breaking that helps 
build exports for products and product lines within the FAMT cluster and for ‘other 
AMT’.  
The ‘Finns’ ranked as third, with an average of (4.13), the selection ICT: specialised 
software for real-time monitoring and ship controls, scored as ‘high’. The ‘Foreigners’ 
ranked this also third, with an average of (4.24). It is clear for both groups, that ICT 
software applications are of high importance for integration of computer systems linking 
the satellite information with ship controls for guidance and many other applications for 
shipping. One panelist from the ‘Foreigners’ strongly emphasised this as a critical need 
for ship safety mentioned above and is related to another category ship navigations 
systems and controls. 
The greatest change between the two groups is for category number 10, oil and gas 
exploration. The ‘Foreigners’ ranked this item fourth, with an average of (4.0) scored as 
‘high’. The ‘Finns’ ranked this item eighth, with an average of (2.89) scored as 
‘moderate’. Oil and gas exploration is viewed more highly by the ‘Foreigners’, because 
they are leaders in oil and gas exploration. The big Arctic oil companies are the dominant 
Arctic players making partnership agreements with Russia to develop its Arctic rim 
reserves because of their technological know-how in drilling offshore wells.  
There is a strong correlation between oil and gas exploration and the need for additional 
ice-going vessels to serve the oil companies Arctic needs, mentioned previously. 
Category items—1, 2, 3 and 4 are ranked in the same order by ‘All’, the entire panel 
representing an integration of the results between ‘Finns’ and ‘Foreigners’. To sum, in the 
case of the ten divisional categories of FAMT in terms of recommendations for funding 
the tendency of decision-makers and other actors is to fund the industrial or cluster 
leaders, therefore only the top three selections were emphasised in this section.  
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Table 11.2.  Additional Arctic Clusters evaluated, Round II.                                                                                           
(1 = none  2 = low  3 = moderate  4 = high  5 = critical) 
 
In Table 11.2 above, the impacts on additional economic clusters to FAMT were 
evaluated using a 1 to 5 Likert Scale: 1-none, 2-low, 3-moderate, 4-high, 5-critical.  
However, in this Policy Delphi the average (A) that is the actual numbers are rounded up 
mathematically in the following manner: (1.5 or over is low; 2.5 or over is moderate; 3.5 
or over is high; 4.5 or over is critical). 
Port infrastructure cluster is ranked first by the ‘Foreigners’, with a highest average of 
(4.25) scored as ‘high’. In comparison, the ‘Finns’ ranked port infrastructure third, with 
an average of (3.50). The ‘All ranked second, with an average of (3.75). As previously 
mentioned Cargotech is likely to benefit from Russian port improvements. The Russian 
port infrastructure is considered inadequate, outdated and dilapidated. Finland’s position 
in relation to central European markets geographically is beneficial for transport and 
logistics of Arctic resources to markets in the Baltic and Europe by railways from the 
present arctic hub—Murmansk and in the future Kirkenes, Norway. Thus, Finland’s 
leaders announced through Finland’s Norwegian Ambassador a decision of the future 
importance of essential transportation links through Finland to Kirkenes Port (Staalesen 
2014).  
6.1  Additional Arctic Clusters 
All 
 
Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
1. Transport and logistics 4.08 12 1 4.13 8 1 
 
4.0 
 
4 
 
2 
2. Port infrastructure 3.75 12 2 3.5 8 3 
 
   4.25 
 
4 
 
1 
3. Mineral resources 3.67 12 3 3.5 8 3 
 
4.0 
 
4 
 
2 
4. Tourism (Arctic) 3.67 12 3 3.88 8 2 
 
3.25 
 
4 
 
3 
5. Timber resources 3.08 12 4 3.13 8 4 
 
3.0 
 
4 
 
4 
 
Other comments: 4.50 2 
 
4.50 2  
   
--Training of marine operators 
 
 
1 
 
 1  
   
--Land transportation 
 
1 
 
 1     
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The ‘Foreigners’ ranked second—the mineral resources cluster, with an average of (4.0), 
by comparison the ‘Finns’ ranked third, with an average of (3.50). Both groups rated this 
as ‘high’. The significance of these results is the fact that minerals are readily available in 
Canada and the United States and represents large revenue streams for producers and 
minerals for industrial nations. To sum, this benefits FAMT by the need for ice-class bulk 
carriers. 
The ‘Finns’ ranked second—Arctic Tourism, with an average of (3.88) of ‘high 
importance’. By comparison the ‘Foreigners’ ranked tourism cluster third, with an 
average of (3.50). Tourism has a greater multiplier effect for Finland’s economy, 
assuming Arctic tourists select Helsinki as a destination prior to their Arctic activities or 
perhaps Rovaniemi located in the north in Lapland.  This may be less true of the 
‘Foreigners’ homelands are modern industrialised nations with an insatiable need for 
minerals. 
Land transportation is extremely important to bring mineral ore and other resources to 
Eurasian markets. The Arctic Railway or Arctic Corridor is a proposed rail connection 
through Rovaniemi to Kirkenes, Norway. This link will help the trade flows—for rail 
cargo carrying mineral ores being mined in Lapland to bring them to market via the NEP 
or Arctic resources flowing to Finland from the NEP or to the Helsinki hub to European 
markets (YLE 2013). Stolt Nielsen is planning on making a 250 million Euro investment 
to build new oil and gas storage facilities in Kirkenes port, work to commence in the next 
couple of years (Nilsen 2012).  
‘Other comments’ have been discussed previously, but underscore the importance placed 
on operator training for Arctic navigation.  Each ranked high to critical by two panelists. 
To sum, additional Arctic economic clusters exist that directly compliment increases in 
future orders for FAMT.  This is true for the Arctic clusters numbered 1, 2, 3, 4, and 5. 
The new port infrastructure required for Arctic ports is closely tied to the resource 
extraction that requires Arctic ice-class ships. The Arctic Railway is significant for 
Finland’s over one hundred mines and FAMT, in that it will improve efficiency to deliver 
Arctic oil and gas, minerals, commodities and raw materials to global markets enhancing 
the new Helsinki Port to play a role as a Baltic Hub. Kirkenes Port will increase 
efficiencies of transport and logistics solutions. Murmansk Hub plays an important role 
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for the future of Russia’s Arctic developments. As a whole, these will all require FAMT 
orders and ice expertise to 2030. Here Porter’s model may be applied to Arctic transport 
and logistics using ‘complete system’ depicted in chapter 2. Porter’s factor conditions 
relating to Finland’s AMT cluster seems poised favourably in terms of production, in 
particular with highly developed skill-sets in shipbuilding and with the necessary 
infrastructure to build ice-class ships and offshore assemblies. Environmental disaster 
may be viewed a wild card impacting development paths of FAMT, however the potential 
threat is causing some FAMT firms to innovate new environmental products to protect 
the ecosystems. Thus, Toivonen’s theory of SPTs interrupting the FAMT cluster in          
a favorable manner to achieve a preferable future for responsible Arctic development. 
Policy Delphi and other future studies techniques have become clear to reveal foresight 
within the specified time frame. 
 
5.1.5. SWOT ANALYSIS (DIAGRAM AND TABLE) 
In the following section, the Round II panelists provided the comments for each of the 
four categories of the SWOT analysis. Based on the expertise born from this research 
process, the author synthesized the data and classified the results presented in the SWOT 
diagram, after carefully consideration of each panelist comment. The data is thus 
compressed more concisely in the form of a SWOT table. Thereafter, the SWOT findings 
are presented in a table. 
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Table 12. SWOT Analysis—diagram and table, Round II only. The data represents a synthesis of the 
panelists’ comments taken from successive queries on the strengths, weaknesses, opportunities, and 
threats of the FAMT cluster in Round II.   
SWOT ANALYSIS FOR FAMT  
Internal factors of the organizations  
Helpful to meeting the objectives  
Internal factors of the organizations  
Harmful to meeting the objectives  
S--Strengths  W--Weaknesses  
Experience, geographical location  Ageing personnel, and distance to Arctic  
knowledge, R&D faciltities,   Limited number of Finnish shipping operators  
know-how, technical competencies,  and financial resources to gain-keep Arctic  
highly educated workforce, shipbuilding  operational shipping experience  
nation with experience in specialized  Labor costs, excessive competition, small  
Polar-class ships for research, offshore,  industrial base compared to Sweden and  
Icebreaking and oil spill recovery ships.  Germany, lack of cooperation and money,  
Arctic environmental expertise and  Low R&D investments and no national interest.  
knowledge of ecological processes.     
Integration: components to Polar ships.     
O--Opportunities  T--Threats  
Winter navigation culture, Arctic location  Shut downs of Finnish shipyards  
Area of Focus in FAMT can sell to ship-  Globalization and need to compete globally.  
Builders in Korea such as Samsung.  Asian competition, lack of financing, increased  
Develop simulated training in ice navigation  protectionism, bi-lateral cooperation agree-  
Exploit its market dominance in FAMT  ments. Lack of team work could lose business  
One large turnkey operator combines:  to Norwegian contracts in Polar vessels.  
components of SMEs.  Norway may hire away best and brightest.  
Networking with Russia with high demand.     
External factors of the environment  External factors of the environment  
 
S + O = Success strategies                       W + T = Elimination strategies 
  Success strategies + Elimination strategies = Implementation Plan 
 
5.5  SWOT Findings:  
 Finland should be a leader in AMT to 2030 and beyond.  
 Arctic moment should be seized by Finland or others will step in.  
 Oil and gas is difficult to extract e.g. Greenland and little found e.g. leads to new below- 
the-ice technologies to avoid icebergs.  
 This SWOT has been adopted in corporate visions.  
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In (Table 12) above is the SWOT analysis for FAMT presented in the SWOT diagram: 
the results were combined for ‘Strengths’ plus ‘Opportunities’ equals ‘success strategies;’ 
and ‘Weaknesses’ plus ‘Threats’ equals ‘elimination strategies’. These two essential 
strategies would need to be devised by decision-makers within the Finnish cluster—to set 
forth their own business implementation strategy based on their own internal SWOT 
analysis.  
The SWOT analysis is a business analysis and not a futures studies technique per se. 
According to Porter’s “diamond theory” firms strategic development is an essential and 
even critical function to ensure competitiveness and increasing productivity. Thus, SWOT 
analysis is an invaluable tool for companies and clusters to improve their performance to 
ensure greater profitability. It would allow for analyses of all the facets of the diamond in 
order for companies within FAMT to remain competitive. Companies routinely use 
foresight studies to make better decisions in the present for a better “potential future” for 
tomorrow through an investigation of SPTs, weak signals, wild cards and SWOT. Thus, 
Porter’s and Toivonen’s theories are linked and remain indispensible part of corporate 
strategy for FAMT firms and corporations.  
 
TOP FIVE NATIONS FOR DEVELOPMENT OF FINNISH AMT  
Table 13. Top 5 Arctic nations in terms of demand for FAMT, Round II. 
6.7  Top Five Arctic Nations in terms of FAMT Rank 
Russia 1 
Finland 2 
Norway 3 
Canada 4 
United States 5 
Other countries: China, Korea, Japan, Indonesia, 
Germany, Demark, United Kingdom unranked 
 
In Table 13 above, the top five nations most important to FAMT are presented: Russia 
ranks first; Finland second; Norway third; Canada fourth; and the United States fifth. No 
rankings were made for China, Korea, Japan, Indonesia, Germany, Denmark and the 
United Kingdom or for others. To sum, the Russian Federation has the biggest need for 
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polar-class ships to serve the growing oil and gas industry and its expansion and it needs 
Finnish ice technology (FAMT). 
 
5.1.6. KEY QUESTION FOR FINLAND’S FAMT FUTURE  
This section is linked to Porter’s model of “diamond theory” that highlights the role of 
government in decision making affecting individual firms and the cluster as a whole at all 
scalar levels (Porter 1998). Policy Delphi method and other future studies reveal the 
foresight to 2030, including panelists recommendations for policy makers through             
a synthesis or integration of data. Likewise, Toivonen’s SPT theory helps to produce 
foresight based on impacts to development paths from weak signals and wild cards to be 
considered by the Finnish government (Toivonen, 2004). Therefore, discernment of 
future possibilities or probable futures and even preferable futures for the FAMT cluster 
is an attainable and useful goal, especially to avert harmful consequences for the cluster. 
 
Table 14. Societal options for Finland to preserve the leadership position of FAMT, Round II.  
(1 = none  2 = low  3 = moderate  4 = high  5 = critical) 
 
7.1 What should FAMT do to 
preserve its leadership 
position to 2030? 
All 
 
        Finns 
 
Foreigners 
A N Rank 
 
A 
 
N 
 
Rank 
 
A 
 
N 
 
Rank 
Option 1. Invest more funds into R&D 
Centres related to FAMT. 4.11 9 4 4.33 6 3 
 
 
 
 
 
3.67 
 
 
 
 
 
3 
 
 
 
 
 
2 
Option 2. Create incentives for FAMT 
corporations.  4.25 8 3 4.60 5 2 
 
3.67 
 
3 
 
2 
Option 3. Fund research at universities 
involved in FAMT research. 4.50 8 2 4.67 6 1 
 
 
4.0 
 
 
2 
 
 
1 
Option 4. Fund vocational training 
schools to meet future demand for 
FAMT cluster and mini-clusters. 3.67 9 5 3.67 6 4 
 
 
4.0 
 
 
3 
 
 
1 
Option 5. Invest in Transport and 
Logistics systems: rail, land, sea for 
future economic demand. 3.11 9 6 3.11 6 5 
 
 
2.67 
 
 
3 
 
 
3 
 
6. Other Options?                                   
--High level simulator development and 
training for onboard operators   
 5.0 1 1    
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In Table 14 above, all panelists were asked to evaluate what should FAMT do to preserve 
its leadership position to 2030? The options 1 through 6 were evaluated using a 1 to 5 
Likert Scale: 1-none, 2-low, 3-moderate, 4-high, 5-critical.  However, in this Policy 
Delphi the average (A) that is the actual numbers are rounded up mathematically in the 
following manner: (1.5 or over is low; 2.5 or over is moderate; 3.5 or over is high; 4.5 or 
over is critical). 
In Table 14 above, the question asks: what should FAMT do to preserve it leadership 
position to 2030? Listed are five options (1 – 5) and ‘other option’ that allowed panelists 
to comment on other options not listed.  
The ‘Finns’ and the ‘Foreigners’ found consensus on option number 3 - to fund research 
at universities involved in FAMT research - ranked first, with averages of (4.67) scored as 
‘critical’ and (4.0) scored as high, consecutively. ‘Foreigners’ also ranked first option 
number 4, with averages of (4.0) scored as ‘high’ - to fund vocational training schools to 
meet future demand for FAMT cluster and mini-clusters. However, the ‘Finns’ ranked it 
fourth, with an average of (3.67) but it still is scored as ‘high’. To sum, ‘Finns’ expressed 
as a critical priority to fund universities engaged in FAMT research and development. 
The ‘Finns’ also expressed option number 4 to fund vocational FAMT training a bit 
lower, but it is also a high priority. The ‘Foreigners’ agreed that this was a high priority, 
because of Finland’s ageing work force in shipbuilding. 
The ‘Finns’ and ‘Foreigners’ again found consensus on option number 2 - to create 
incentives for FAMT corporations - ranked second, with averages of (4.60) scored as 
‘critical’ and (3.67) scored as ‘high’.  This is significant, because tax incentives help 
FAMT companies bottom-line, thus improve their turnover or profits. Option number       
1 ‘Foreigners’ ranked second, with an average of (3.67) - to invest more funds into R&D 
centers related to FAMT. This is ranked third by the ‘Finns,’ but the average is higher 
(4.33) scored as ‘high’. Finland has a solid history of funding its R&D centers. “In 2002, 
the Finnish innovation system” received “3.2 percent of GDP in research and 
development”  (Kaivo-oja et al. 2002, 34).  
To sum, options 1, 2, 3, and 4 are evaluated as the most important, scored as either critical 
or high by both groups. Option number 5 - to invest in transport and logistics systems: 
rail, land, sea and for future economic demand was scored as ‘moderate’ by both groups. 
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Option number 5 was expressed as the greatest change between scores or the biggest 
discrepancy between the following averages ‘Finns’ average (3.11) and ‘Foreigners’ 
average (2.67). Finland’s AMT cluster may initially build more ice-class vessels if the 
Arctic Railway is not built, however with thinning ice and completion of this transport 
system, orders may surge bring resources to market. Increased orders up front will 
strengthen the FAMT cluster more than any other option. Thus, the big picture transport 
and logistics solutions if all were economically viable and existing today would decrease 
the total number of ice-class vessels and the scoring reflects this perspective. Finally, the 
‘other options’ was listed as ‘critical’, with an average of (5.0) “for a high level simulator 
development and training for onboard operators”. This option is extremely important to 
ensure properly trained captains and others to master Arctic navigation. 
This section is an integral part of future outlook, referred to as foresight of the future. All 
companies within the cluster today are impacted by the decisions of acting body of 
government for good or for ill. The new paradigm of Porter’s model allows for a holistic 
view of the dynamic interplay between each of the facets on the diamond. For example, 
the ‘role of government’ is highlighted so that the FAMT cluster and mini-clusters may 
be strengthened through wise policy choices by politicians in terms of increased or 
targeted funding for R&D, training and other measures. (Porter 1998, 126-128).  
Toivonen’s strong prospective trends theory allows for a clear understanding on how 
weak signals may improve the future for the cluster at one or more scales. Wild cards can 
shift or deter cluster progress in the future or in a worst case scenario create an 
“impossible future” (Toivonen 2004). A protracted war could enhance the Cold War 
mentality disrupting the future into such a state showing the power of the ‘role of chance’ 
(Porter 1998, 124-125). These two theories are linked to the research questions and to the 
realities of the FAMT cluster, now and for future possibilities in the next two decades. 
Prudent actions by firms including to but not limited to governmental stratagem for the 
cluster are able to be adjusted as chance  and conditions might dictate. 
 
5.1.7. INNOVATION ENVIRONMENT  
Finland has what is called a ‘knowledge-based economy.’ It is being ‘transformed 
towards a learning economy’, according to Kuusi and Schienstock, as editors and authors 
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(1999). Finland success is in part based on the high levels of R&D funding compared to 
other leading technological countries. Porter (1998) stresses that ‘a cluster must go 
beyond operating on a comparative-advantage model to a competitive-advantage one to 
thrive.’ The importance of ICT is the key to understanding this transformation in Finland. 
Its success as a cluster will depend on its competitive-advantage and its know-how based 
on its ice expertise and technology that includes integration of ICT into operating systems 
and controls for ice-breakers and offshore platforms in the context of globalization.  
Finland’s political decision-makers are studying the importance of the FAMT cluster 
through briefings by experts in sub-committee meetings. High ranking Members of 
Parliament have attended conferences, for example the Northern Sea Route conference 
held in Oulu 5-6 June 2012. They will be held to account their funding decisions for 
FAMT that will help the cluster to continue to operate in a culture of innovation and 
development. Furthermore, they must decide on development projects and action plans 
for the continual success of the Arctic marine technology cluster dominant in Finland. 
Table 15. Statement regarding the critical need to establish an ice laboratory, Round II. 
8.1 There is a critical need to establish an ice laboratory utilizing Finnish 
R&D and educational institutions both in Arctic and Baltic regions in 
partnership with private industry to study and develop innovative oil 
spill recovery techniques e.g. to protect sensitive ecosystems. Accept or 
Reject: (7 out of 10 accepted the above statement.) 
 
 
 
N  Percent  
# of Panelists 
10  100 %  
Accept?  7  70 %  
Reject?  3  30 %  
 
In Table 15 above states the critical need for Finland to establish an ice laboratory 
interconnected to the FAMT cluster’s R & D and educational institutions for controlled 
oil spills in the Arctic and Baltic Regions in partnership with private industry and to study 
and develop innovative oil spill recovery techniques—to protect sensitive ecosystems. 
This type of development project was created in Finland in the Autumn of 2013, 
supported by the results stated above. There were 7 panelists out of 10 total accepted the 
statement or 70 percent agreed compared to 30 percent who rejected it. The ‘Finns’ group 
accepted the statement with 6 respondents for and only 1 participant against or (87.71) 
percent were in favor. The ‘Foreigners’ group rejected the statement with 2 against and 
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only 1 in favor or (66.67) percent were opposed. This reflects strongly held views in 
opposition. 
To sum, this is important for Finland’s penchant for ‘clean-tech’ solutions and strong 
environmental stance. However, Finland is behind ‘Norway in testing oil spills in icy 
conditions using its icy waters for testing at Svalbard organized by Sintef with a private 
consortium including Lamor and several oil companies. The United States has a 
laboratory run by the Department of Interior,’ according to a panelist. The panels 
commented that this type of research should be encouraged through public-private 
consortium: will oil companies be included in the partnership, preferably EU funding? 
Data sharing should be made available to improve oil recovery responses in icy 
environments in the Baltic and the Arctic. Some open water testing must be conducted 
with marine biologists to study impacts to wildlife contaminated by oil spills in the Baltic 
and the Arctic. 
The ‘Finns’ group selected accepted the above statement in (Table 15):  6 (accepted) to    
1 (rejected) the statement. The results were mixed as to whether foreign oil companies 
would join in this new partnership as described in the statement. Ideas on how best to 
establish an ice laboratory for oil spill recovery research and development varied from 
utilization of the Aalto University and Aker Arctic. This would help in the public / private 
interface with the leading university participation and one of the key companies in the 
FAMT cluster. Views on data sharing were varied from only to members of the each 
project consortium to transparent open data sharing. Research should be conducted in 
separate projects. The need for oil clean-up technological study was strong for the Baltic 
and Arctic Regions. One panelist expressed the additional “need for similar studies for 
the risks imposed by LNG transport and of hazardous cargos including recovery for 
shipwrecks and better systems for shipping hazardous materials should be investigated 
and built.” 
In contrast, the ‘Foreigners’ group selected rejected the statement in (Table 15)                
2 (rejected) to 1 (accepted) the statement. Comments ranged from other leading nations 
will be joining in this area of research and cited Norway’s fjord study in Svalbard through 
Sintef and that the US has a laboratory managed by the Department of Interior. In 
summation, the panelists acknowledged this type of ice laboratory would be beneficial to 
Finland, but there are other laboratories and organizations conducting similar research. 
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One panelist thought Finland should join forces with the research and development 
centers in Canada already established, in essence to join forces—saving money and 
increasing synergies.  
An oil expert panelist claimed the “importance of oil spill response technology”, but 
stressed risk reduction by Arctic players. This work should be done in a public-private 
partnership for said ice-laboratory and should be implemented in Action Plans. Best 
method to succeed would be to obtain funding for investment by the European Union and 
industry. This group urged for complete transparency and open data sharing with the 
public. Some open air studies should take place in the Baltic and Arctic Regions both to 
improve environmental technologies and to study the impacts to wildlife by marine 
biologist. Activities in the US are working likewise to construct an oil-ice laboratory. 
 
5.1.8. FREE COMMENTS AND RECOMMENDATIONS—Rounds I &II 
Policy Delphi always allows for free comments after a round of queries. The future of 
FAMT is inextricably linked to Arctic oil and gas development. According to one 
panelist:  “the resources companies are in the driver seat, for example Varandey” and for 
Sovcomflot fleet of ice-class tankers and LNG ships.” The big Arctic players are involved 
in oil and gas or mineral extraction to bring to market including shipping companies, they 
are more and more utilizing FAMT. However, “Arctic ice-class ships are being built in 
increasing numbers in Korea and Indonesia” by Arctic oil companies and shippers, for 
example ExxonMobil, Fednav…and others.  
 
What are the implications for the Arctech shipyards located in Helsinki? Arctech 
shipyards will continue to play a significant role in the construction of innovative ice- 
class ships and other Arctic vessels utilizing Finnish know-how, based on project 
management and turnkey solutions with the highest of standards. However, the Asian 
shipyards have a distinct advantage of lower workers’ wages and economies of scale for 
ice-class tankers and LNG ships having carved out a niche demanded by global actors 
responsible to their company’s shareholders.  
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In the text below are free comments and recommendations made in Round II (for 
questions 9.1 through 9.4 from the RTD Questionnaire, see Appendix 5) by the expert 
panelists written in italics for quotations. In the Finnish cluster, designing and ice model 
testing of ice-breakers and other vessels are two important aspects of Aker Arctic’s 
business as is the construction of ice-class ships by Arctech, despite global competition. 
This is true, perhaps today even more so with the decline in orders for luxury ships.  
Increased Arctic drilling should expand exports from the offshore and subsea producers. 
In question 9.1, Finnish leaders are thinking: what recommendations should Finland’s 
government, companies and organizations make to strengthen FAMT?  
 
RECOMMENDATIONS BY PANELISTS  
In this final section in chapter 5: bold face words represent individual panel 
members from the ‘Finns group’ and regular type represent individual panel 
members from the ‘Foreigners group’. Direct quotations are in italics. 
 
Question 9.1 queried: what recommendations should Finland’s government, companies 
and organizations make to strengthen FAMT? 
 “Across the board, research and development (R&D) funding” for FAMT by 
“maintaining excellence in Finland’s educational system.”  
 Additionally, “Finland should contribute to the work of the Arctic Council and 
the Polar Code for sustainability in Arctic maritime shipping.” 
Improvement must be made in co-operation between Arctic players and Arctic nations.  
 ‘Closer co-operation between the private and public sector,’ was cited as needed 
‘to help develop environmental or sustainable practices, and technologies to 
meet future demand.’  
 Finland, should lobby the Arctic Council for the strictest ‘pollution prevention 
policies.’ 
Question 9.2 asked: what action plans should be initiated by the public sector, R&D 
institutions and the private sector to enhance market dominance and exports of FAMT?  
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 “Co-operation and joint ventures with Arctic players” was the most frequently 
mentioned. This helps to increase the profitability and decrease the risks by 
spreading them amongst partners.  
 “Re-organisation and rethinking of simulations and high level of education and 
R&D facilities” related to FAMT. One Action plan called for more international 
marketing of companies represented by the FAMT cluster and mini-clusters.  
 Finally, “focus was recommended on the initiative taken by Fintrip by the 
Ministry of Transport and Communication.”  
Question 9.3 queried: what steps should be taken between universities, R&D centers and 
the FAMT cluster for the future to strengthen the main cluster and mini-clusters?  
 The most repeated comment called for ‘greater co-operation between public and 
private partnerships’ to maintain FAMT leadership.   
 “Maintaining the highest levels of engineering excellence in the field” and 
“expand as needed educational opportunities that support maritime industry to 
ensure skill-sets.”  
 “Finland should invest in geophysics and geophysical systems technology to help 
ensure a brighter future in Arctic offshore oil and gas services and support”.  
 One panelist thought “Finland too small to effectively select a province for 
cluster based programs, but rather should allocate resources based on best 
utilization of available resources regardless of which province they are located.”  
 “Additional research should be put into developing fields to research ice, 
temperature, communications and accurate positioning within Arctic Circle”.  
The final question, 9.4 asked: what steps should be taken to ensure future skill-sets are 
based on correct instructions in vocational schools to benefit and strengthen the main 
FAMT cluster and mini-clusters for the future?  
 This question is an internal issue for Finland, but the main cluster and mini-
clusters require “sound science and engineering backgrounds, including software 
engineering essential for more sophisticated and complex Arctic systems 
engineering”.  
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 A high level simulations facility for training should be required to enhance safety 
by crews operating in the Arctic. There is a need for “high level simulation 
facility for training and operational R&D.”  
 “More efficient usage of existing ice model testing basins” was strongly 
suggested.  
The challenge is how to do the above while trying to compete in the global arena and to 
not lose out to cheaper imports.  
 
OTHER RECOMMENDATIONS BY PANELISTS  
 “In general, the effective development of industry capability requires support for 
‘blue sky’ research applied to new concepts and followed by targeted applied 
research and development for promising concepts and finding the right balance 
between private and public sector organisations with technical personnel to 
encourage the exchanges between industry, R&D and academic institutions that 
assist and disseminate technology transfer.” 
 “Government and industry partnerships are more easily executed in Finland 
compared to the USA and other nations. To support the on-going and future 
development of the Arctic, Finland must exercise and develop these partnerships 
to their full potential.” 
These recommendations cited above are based on verbatim comments by the respondents 
participating and do not reflect the position of the author, who is neutral as an observer. 
The recommendations are included because of the structure of this Policy Delphi study in 
both rounds. 
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6. CONCLUSION AND DISCUSSION         
 
The main objectives of this Policy Delphi study in the field of economic geography were 
to highlight the strong prospective trends (SPTs), weak signals, wild cards and SWOT 
analysis and their probable impacts to Arctic marine technology, specifically to produce 
foresight for the Finnish cluster. The aim is to examine the implications of the above cited 
future studies techniques, for example Arctic climate change and sea ice retreat; 
increasing prices for commodities and raw materials; and globalization trend—for the 
Finnish Arctic marine technology cluster to 2030—and other information in terms of 
impacts to FAMT resulting from the two expert panels.   
 
Utilization of Policy Delphi, in two rounds was a useful method for researching                 
a complex economic, transportation and environmental issue. Furthermore, it allowed 
panelists from around the globe to form a consensus and even allowed for panel 
dissension with the latter emphasized to get everything put on the table for decision-
makers. 
 
The investigation was made in the context of Finland’s scale of production. The sub-
national and international scales of production in Russia are a critically important with      
a cross-border territorial focus for FAMT. Especially, when viewed in light of the 
emerging economic realities of the Arctic Region—where ice or rather thinning ice is 
presenting transforming the FAMT cluster with the possibilities of unprecedented growth. 
However, the slim profit margins and the high risks of Arctic navigation mean that 
Finland’s AMT must work smarter within trusted networks of co-operation.  
 
This has already occurred in FAMT, with the production moving from sub-national to 
international scales. Many ice-breakers and other specialized ice-class ships are designed 
and tested in Finland’s main cluster, but being constructed in Russia or Korea. At present 
it is unclear what role China will play in the Arctic as globalised trade flows have 
increased its economic growth and influence. How can Finland’s AMT cluster grow and 
not decline as a knowledge-based cluster? What are the risks for Finland’s AMT cluster 
with the possibilities of technology transfers? 
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What development projects and initiatives do the panel experts recommend for Finland’s 
decision-makers in government and businesses?  The Arctic will bring riches to the Arctic 
players, but there are serious questions today about how to protect the Arctic’s fragile 
ecosystems. It must be reported that Finland had begun to initiate a development project 
to fund research and possibly build an ice laboratory for research and development to 
study how to find new solutions for oil spills and leaks in icy waters in the autumn of 
2013, according to one panelist. The panelist stated that the decision was in part based on 
this research and results.  
 
To maintain objectivity, this author did not voice to his opinions regarding 
recommendations. However, panel-experts have been given a voice through this Policy 
Delphi and their recommendations seem intelligent based on increased funding for 
universities and research centers, related to FAMT applications, creating tax incentives 
for FAMT companies, approximately 350 firms, training for ship workers to ensure the 
highest standards in AMT, as well as at vocational students in related fields, the next 
generation of FAMT workers.  
 
‘The Arctic Railway’ being constructed to Kirkenes is an essential long-term project that 
is a part of the larger Arctic transport and logistics networks that includes: Arctic ice-class 
ships, ports, railways, roadways, shipping lanes and the Arctic sea routes.  It will reduce 
the necessity of shipping via the Gulf of Bothnia to prevent spills at sea and pollution. 
 
6.1. REPEAT RESEARCH QUESTIONS 
The two main research questions for this study are reiterated:  
1. What does utilization of the Policy Delphi method and other future studies 
techniques reveal about the foresight for Finland’s Arctic marine technology? 
 
2. What are the future possibilities or probable futures (preferable futures) for 
Finland’s Arctic marine technology to 2030? 
 
The Delphi technique, in this case Policy Delphi may be the best method used to produce 
foresight. However, it must be combined with other future studies techniques to derive an 
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understanding of the impacts of probable futures. The impacts of strong prospective 
trends, weak signals and wild cards must be evaluated within the time frame of this study 
from 2012 to 2030. The foresight is comprised of individuals closest to the future based 
on their expertise as defined by Kuusi (1999) and Laakso (2012) using Policy Delphi in 
successive rounds with feedback provided between rounds while maintaining anonymity.  
This paper highlights the probabilities of impacts based on trend development quite 
concisely depicted in numerous tables, as well as an integration of the group intelligence 
to 2030. The resulting processing of the information—a synthesis has been edited, 
analyzed, and partially reported in this thesis.  
Bell would not agree with Vapaavuori and von Bruun about foresight being prediction. 
Instead he prefers that it presents the future as “future possibilities and probable futures, 
even preferable futures, so as to prevent negative consequences” (Bell 2003 and 
Vapaavuori & von Brunn 2003).  
The expert recommendations in the last section, if taken as a whole with other data not 
included in this study—the greatest challenges facing Finland’s Arctic marine cluster, 
may be useful for decision-makers seeking the highest pathway for this cluster and its 
mini-clusters. Preferable futures may thus be derived strengthening FAMT through 
appropriate policy-making, development projects and careful implementation of action 
plans. All the while, enhancing a culture of business development and innovation within 
the cluster by suitable funding levels for research and development centers and academic 
research related to the ice technology innovation showcased in FAMT. 
In conclusion, the future outlook looks very promising for Finland’s AMT cluster. The 
global addiction to oil and gas as energy sources will lead to many Arctic developments 
at least for the next 20 or 30 years, which will require ice-going vessels of many different 
types and offshore and subsea technologies primarily focused on resource extraction. 
Finland’s leadership position in Arctic marine technology looks secure and poised for 
international growth among Arctic players and actors that are engaged in bringing these 
resources to market. Undoubtedly, maritime traffic will increase along opened Arctic sea 
routes in new globalized trading flows in changing Arctic environment of receding sea ice 
and increasing prices for commodities and raw materials in economic upturns. 
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6.2. CRITIQUE OF METHODS AND THEIR APPLICATION  
The data was much richer in Round I than in Round II, perhaps because Round II was 
more comprehensive and required greater depth of knowledge for participants. Certain 
panelists that tested the survey stated that it took too long to fill out. Thus, their comments 
and arguments were abridged and perhaps not as in-depth as in Round I, where interviews 
lasted between 30 minutes to over 3 hours. Some questions were simply not answered. 
Some panelists skipped entire sections perhaps due to a particular lack of expertise within 
a given section altering the number of panelists participating. The question is: was the 
real-time Policy Delphi too tiresome for panelists? It was suggested that it was tiresome 
and too lengthy when taken as a whole despite its being comprehensive in scope. Had 
there been more time to work on the Round II questionnaire survey, making it shorter 
would have been achieved to increase respondent participation. 
 
It would have been beneficial to the Policy Delphi study of this field to have had roughly 
equal number of Finnish experts to compare results with a similar number of ‘Foreigners’ 
to “minimize sampling error based on too few members of each group, if applicable. Lilja 
et al (2011) state that reliability and validity are enhanced with panelists numbers of 10 to 
15. Thus the research of Policy Delphi would have been more reliable and validated with 
two groups sized accordingly, with an ‘expert panel consisting of 13 members as a 
minimum, and with 30 members’ as an upper limit recommended by literature. (Lilja et al 
2011). Proper statistical analysis would have required even more panelists. However, 
given the time parameters and the fact that all panelists are volunteers made this difficult 
to achieve. 
  
How could bias be minimized? For example, the tendency is to produce a ‘consensus’ or 
‘group thinking’ based on utilization of the ‘snowball method’ of assembling a Delphi-
panel for each round. Policy Delphi is supposed to bring out all possible views—even 
divergent views in opposition. It was surprising the panelists even though they were from 
distant points around the globe had a commonality of thought that did not express deep-
seated opposition. The utilization of averages for comparisons of numerical values 
expressing the greatest differences is one way to express opposing views. Conversely, 
averages that are equal or close together in values emphasize similarity of the group 
intelligence coalescing into a consensus. This is also permitted by open-ended questions 
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at the end of each query: ‘other comments’ allowing for ‘divergent’ or minority views as 
one of the hallmarks of Policy Delphi according to Turoff (2002). 
 
Perhaps, this is because of the fact that nearly all the Arctic nations even those that are 
competitors to the FAMT cluster have purchased FAMT for ice-breakers and other ice- 
class vessels, or are planning on doing so in the future. This may be less true for offshore 
and subsea technologies, because the US and Canada are experienced large producers of 
oil and gas and their educational systems produce many engineers up to the task. The 
other reason is that there is a relatively small circle of experts, who regularly attend Arctic 
conferences and interchange papers and ideas.  This may help to explain the consensus 
expressed in this study. 
 
My recommendation for the conduct of further studies similar to this using Policy Delphi 
and themed interviews would be greatly enhanced by conducting face to face interviews 
whenever possible. Linstone and Turoff would certainly agree that this is preferred 
method for interviews rather than by over the telephone. Tacit or hidden knowledge is 
enhanced by face to face interviews, where inflections in voice, gesticulations, body 
language can alter meanings subtly or profoundly (Linstone & Turoff 2002). However, 
performing face to face interviews would have required a substantial budget for setting 
appointments around the world—too costly for a typical Graduate Program’s Master’s 
thesis without funding.  
 
The Policy Delphi study from front to back should have taken less time to produce this 
paper. However, there was a learning curve to doing research using future studies 
techniques and a business analysis: SWOT and putting all the pieces together into             
a palpable and understandable foresight report, not an easy task. Wendell Bell discusses 
in his two book volume set on future studies that the problem with foresight is that “it 
tends to be more accurate within the first decade than further out on the time scale from 
the point of the data collection” (Bell 2003).   
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6.3. SUGGESTED RESEARCH THEMES  
Finland’s leadership in Arctic marine technology requires adeptness by its decision 
makers to respond to the role of chance and government and interactions with the four 
determinants in a globalized economy. As well as the interplay between the four 
determinants and the role of chance and government. What types of positive and negative 
impacts will the FAMT cluster experience in its development paths towards a stronger 
future? One possibility for suggested research theme would be to conduct an in-depth 
assessment of the Finnish AMT cluster by conducting additional rounds with sufficient 
numbers of experts to ensure validity and reliability. 
 
What would the geo-political landscape look like conducive to open and free Arctic 
trading? What would the operating environment conducive to cooperation in the Arctic 
Region look like? In terms of co-operation within the FAMT cluster: what changes are 
needed? Finland has seen problematic trading relations the past several years, for example 
in round-wood imports from its larger neighbor. What will it take to move Russia away 
from its present inclination towards a new Cold War and the negative impacts 
accompanying that intentional stance?  
 
Finland and Russia should have favorable trade relations based on their history and 
understanding.  This includes their partnerships in producing FAMT, whether it is 
producing ice-class ships either within Finland or across the boundary in Kronstadt. This 
would also include assemblies or sub-assemblies of offshore platforms produced in Oulu 
or Pori in Finland and shipped to Vyborg in Russia for sub-assembly and then shipped to 
and assembled in Murmansk Port. When completed these engineered offshore structures 
require a final tow by powerful tug boats to its drilling location in the Barents Sea. 
 
What are the economic impacts of the Arctic Railway being discussed for future 
construction to Kirkenes, Norway? Organizing transport and logistics through 
neighboring countries: Norway that embraces ‘Nordic trust’ seems logical and beneficial 
to shippers. It will help to bring to markets the minerals being mined in the North of 
Finland by train for trans-shipment either North or South depending on the destinations 
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(locations) either in North America or Eurasia or to Central European destinations 
through the Baltic Hub in Vuosaari’s Helsinki Port.  
 
It is clear that this Arctic Corridor is essential to tap the vast wealth and riches in the 
Arctic Region as well as Finland and will increase demand for ice-class vessels to bring 
minerals to either Kirkenes Port, or perhaps to Murmansk Port, still a possibility 
depending on the transport and logistics—the tangible costs, efficacies, tariffs and final 
destinations—to international and continental markets. To sum, this study’s foresight 
delineated a strong line between ‘resource extraction’ as the main economic thrust in the 
Arctic Region and its firm reliance on ice-class vessels, the two are causally intertwined 
and this bodes well for the outlook of FAMT well beyond 2030. 
 
6.4. RECOMMENDATIONS FOR FINNISH SOCIETY AND ACTORS TO 
DEVELOP FAMT  
To sum, it may prove difficult to replicate the FAMT cluster in another location by           
a competing country as per Porter’s theory. However, it may prove more cost efficient to 
build ships based on ship yards specialties and constraints in order to save time and 
money. For example, according to one panelist, oil tanker fleets of ships the size of the 
Valdez were constructed in Korea, specifically due to their lower wages and the scale or 
size of the ship utilized by Arctic oil companies.  
Will the push of the demand for Arctic oil and gas, minerals, and renewable resources be 
expanded to the point that FAMT scales of production expand from sub-national to 
international to global scales of production based on partnerships and networks of 
cooperation to improve efficiencies and costs and shorten the delivery time per orders of 
ice-class vessels and offshore platforms?  
Finland can explore public-private partnerships to build an ice laboratory dedicated to 
research and development of oil spill recovery in icy waters. There appears to be support 
for this within the FAMT industry and others to protect the Arctic environment from the 
likelihood of oil spills and well-head leaks.  
University research combined with research and development from partners and R&D 
centers may lead to the needed innovations for improved oil spill recovery (OSR) 
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techniques. The current methods of OSR include three types: in situ burning, chemical 
use of dispersants and mechanical clean-up techniques make Arctic clean-up difficult due 
to ice, temperature, darkness and other factors. One panelist claimed that only in situ 
burning is effective, because chemical dispersants have negative impacts to Arctic 
mammals and including fisheries. Lamor and Mobimar are leaders in OSR systems and 
each may use Ohmsett laboratories in New Jersey in the United States, which is fully 
booked. It is likely others will join in this area of research, but Finland may have              
a competitive edge with the FAMT cluster’s over 50 years of ice data and excellent 
system of higher education assuming public data sharing or among consortium members.  
Finland must do its best to protect its leadership position of FAMT by safeguarding its 
know-how, secrets and innovations from competitors and by choosing its partners 
carefully using wisdom to minimize technology transfers to potential rivals. Should 
Finland achieve this and to navigate prudently through geo-political seas, the future looks 
bright for its Arctic marine technology cluster to well beyond 2030.  
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APPENDIX 1: Round I Pilot Survey – themed questionnaire for interviews (concept, 
Myllylä, 2012) 
 
I. GLOBAL VISION and CHANGES IN ENVIRONMENT TO THE YEAR 2030  
Changing trends within the Cluster of Arctic maritime technology and how they impact 
prospective field? What are the business changes in the future in the year 2030?  What is 
vision for the world we live in 2030? 
 
1.Strong Prospective Trends (SPT)/Megatrends:  
Please give value index 1.1 – 1.6 marking with an X:   
1 is not very important; 2 is slightly important; 3 is moderate; 4 is fairly important; 5 is 
very important                                                        
   
1.1.  Arctic Sea Routes expansion with climate change      1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.1.1. Northern Sea Route                                        1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.1.2. Northwest Passage                                         1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.1.3. Trans-Arctic Crossings                                  1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.2.  Increasing prices for commodities & raw materials          1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.3.  Increasing World Population                                             1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.4.  Continuation of globalization trend                                   1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.5.  Consolidation trend in AMT (globalized)                          1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
1.6.  Other trends?                                                                      1 (  )  2 (  ) 3 (  ) 4 (  ) 5 (  ) 
2.Weak Signals: ‘new phenomena of change the specific impact of which may critically 
alter the course of events or the future direction’ (Anita Rubin, 2012).  
129 
 
3.Wild Cards: ‘a low probability occurrence however its impact to oncoming 
development is of high influence or ‘emerging issues’ (Anita Rubin, 2012).  
II. IMPACTS TO DEVELOPMENT OF ARCTIC MARITIME TECHNOLOGIES 
(AMT) 
4. Demand for Arctic Transportation along NSR and Northwest Passages 
4.1. Transportation & logistics along Arctic Routes (NSR) 
5. Arctic maritime technologies development and innovation business culture: In Arctic 
maritime technologies, what are the key products in the year 2030 for AMT cluster and 
supporting mini-clusters of small and medium enterprises (SMEs)? For example 
locomotive engines…et cetera.  
5.1. Arctic Ships design, construction & classifications 
5.2. Offshore and sub-sea technologies 
            5.3. Other key products? 
6. Arctic Energy  
7. Security Issues 
8. Environment concerns with Arctic development 
III. FREE FORM COMMENTS AND RECOMMENDATIONS FOR DEVELOPMENT 
—Textural Comments and Developmental Recommendations: 
Any other ideas to come out of Arctic issues, actions, operations, strategies: national or 
international organizations. Recommendations for Delphi Panelists are welcomed, 
including actors and sub-actors in AMT Clusters or mini-clusters, see Appendix / Annex 
Note 1: The pilot interviews are utilized in the themed interviews of Arctic experts will develop differing 
points of views impacting the development / innovation of Arctic maritime technologies. Your thoughtful 
answers are essential to the review phase. All main themes will be checked: are they relevant to develop the 
construction of a more detailed questionnaire used in Delphi Round II from pilot interviews to be listed by 
the main themes. Please note these ideas will be used in the creation of literature from the initial interviews. 
  
130 
 
APPENDIX 2 
Round I Delphi-panel: pilot interviews – questions and themes: 19 panelists 
1. Rob Almeida, Journalist, G.Captain.com, B.S. Naval Architecture, United States 
Naval Academy, United States. 
2. Mikhail Babenko, Economist, World Wildlife Fund, Russia. 
3. Frank Bercha, President, Bercha Group, Canada. 
4. Lawson W. Brigham, Ph.D. University of Fairbanks, Alaska and Retired Captain 
of the United States Coast Guard, United States. 
5. Kyle Cunningham, Masters Student, M.Sc. in Management on Arctic Sea Routes 
check title, Canada. 
6. David Dickens, President, D.F. Dickins Consulting Engineers, United States. 
7. Drummond Fraser, Standards and Regulation Officer, Transport Canada, Canada. 
8. Ari Inkinen, Fleet Manager, Neste Oil and Captain of historic Northern Sea Route 
voyage, Finland. 
9. Andrew Kendrick, Vice President, STX Canada Marine, Ottawa, Canada. 
10. Timo Kiviaho, M.Sc., Vice President, China Tekway Oy, Finland. 
11. Kimmo Lehto, Superintendent of ice towing & Captain, Greenland, Alfons 
Håkans, Finland.  
12. Yrjö Myllylä, Consultant and Senior Researcher, RD Aluekihitys Oy, Finland. 
13. Peter G. Noble, Chief Naval Architect, ConocoPhillips and President of 
S.N.A.M.E.—The Society of Naval Architects and Marine Engineers, Houston, 
United States. 
14. Mikko Ninni, Managing Director, Aker Arctic Technology, Inc. Helsinki, 
Finland.** 
15. Igor Pankov, Vice President, SCF Group, OAO Sovcomflot, Moscow, Russia. 
16. Annuka Pekkarinen, Masters Student Westfjiords, Iceland Maritime Shipping in 
the Gulf of Bothnia, Finland. 
17. John Stockdale, Nautical Superintendent, formerly of Cairn Energy, United 
Kingdom. 
18. Garry Timco, Researcher, Canadian Hydrolic Center, Canadian National Research 
Council, Canada. 
19. Tero Vauraste, Chief Executive Officer, Arctic Shipping, Finland. 
 
** Comments from lecture at Oulu Conference on the NSR June 5-6, 2012 
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APPENDIX 3: Round II Real-time Delphi Questionnaire 
 
Personal details (Nota Bene—this section is hidden from other panelists)!   
Please state panelist name, title, organization, country of employment, and number of years of 
expertise. 
Name:  
  
Title: 
  
Organisation: 
  
Country: 
  
Years of Experience: 
  
Please select from below one or two codes below that best describes you expertise, your company or 
organization:  
 1 = Supply side of AMT or FAMT, e.g. supplier 
 2 = Demand side of AMT or FAMT, e.g. user  
 3 = Academic, e.g. researcher 
 4 = R&D Institutions and educational institutions 
 5 = Governance, e.g. regulator 
 6 = Independent associations, e.g. SNAME, students or journalists 
 7 = Other: e.g. SMEs of FAMT 
 
List other: 
 
Instructions for panelist (interviewee, respondent): 
Timeline of study is foresight to 2030. 
 
Please review the material provided in the Appendices: Executive Summary of Pilot interview Round I 
and any other material provided. 
 
Each panelist is asked to provide their own expert opinions from their unique perspective of probable 
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outcomes or futures for Arctic Maritime Technology Foresight to 2030: 
Note: Finnish Arctic maritime technology (FAMT) (within the geographical scale of the Arctic Region) and 
its impact to the Finnish shipping sector mostly located within the Southern and Western Finland (Helsinki, 
Turku, Rauma, Pori, Vaasa, Oulu etc. region) Region as defined by an industrial cluster comprised of SMEs 
or mini-clusters of FAMT. 
 
I Vision and changes in environment to the year 2030: 
 
1 Individual and corporate evaluation of AMT: 
1.1 How do you explain your company’s decisions to use Finnish Arctic Maritime Technology 
(FAMT) in terms of (consulting, design, model testing, construction and other variations)? 
Add values 1 to 5: 
1 -not used, 2 -seldom used, 3 -moderate, 4 -most often used, 5 -always used 
Consulting 
 
Design 
 
Model testing (ice model basin) 
 
Construction 
 
Other 
 
1.2 What are the specific reasons why you use FAMT? 
Describe the key benefits derived from either FAMT or other AMT in terms of (consulting, design, model 
testing, construction and other combinations of FAMT and other AMT)—as parts related to whole of        
ice-class vessels, offshore platforms, Subsea technologies and other: 
Comments and arguments: 
1.3 What would be the primary factors changing your company’s decision-making to use FAMT or 
other AMT based on changes in the environment or business changes to 2030 that would be different 
from previous supply chains based on SPT or megatrends? 
Comments and arguments:  
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1.4 What types of projects is your company planning within the Arctic Region in the next five years 
to 2030, and will you be using Finnish Arctic marine technology (FAMT)—‘Finnish know-how’ to 
facilitate these plans? 
Comments and arguments: 
1.5 Where are your company’s projects located geographically in the Arctic i.e. sub-regions: 
(e.g. Chukchi Sea, U.S. Beaufort Sea, Canadian Beaufort Sea, Norwegian Barents Sea, Russian Barents 
Sea, Yamal Penninsula, Kara Sea… and other)? 
Comments and arguments: 
1.6 Would you explain the estimated size of the projects on the drawing boards in terms units: e.g. in 
terms of numbers and types of ships and classifications of ice-class vessels, offshore platforms and 
subsea technologies and other (please specify) to meet future demand to 2030? 
Comments and arguments: 
2 Strong Prospective Trends (SPT) / megatrends 
2.1 Please mark below the following Strong Prospective Trends (SPT) / megatrends  important is take 
them into account to develop Arctic Maritime Technology in Finland: 
Please give the value 1 to 5 for the SPTS / megatrends below: 
1 -none, 2 -low, 3 -moderate, 4 -high, 5 -critical 
Arctic Sea Routes increases shipping possibilities e.g. shipping lanes within Arctic 
Region.  
Northeast Passage (Northern Sea Route): Northern and Southern routes (shallow 
waters)--Northwest Passages are vitally important to Eurasian trade.  
Northwest Passages are also important but have different ice conditions and 
challenges.  
Trans-Arctic crossings (in international waters) are important to minimize costs and 
regulations.  
Technological Development (e.g. Transportation, Energy, ICT) 
 
Increasing prices for commodities and raw materials is the main driver for AMT to 
2030.  
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Increasing world population (based on United Nations estimates) is an AMT driver. 
 
Globalization trend continues with projections of an ice-free Arctic by 2050 expands 
AMT possibilities.  
Value based development (e.g. strengthening environmental values) 
 
Consolidation of Arctic marine technology (AMT) trend e.g. STX Korea, STX 
Europe, STX Finland....  
Other trend, what? 
 
Comments and arguments: 
2.2 Below is a short list of various thesis for AMT in the Arctic 
Please give value 1 to 5 for the thesis how important them are from point of view FAMT: 
1 -none, 2 -low, 3 -moderate, 4 -high, 5 -critical 
Exploration and development of oil and gas in Arctic Region spurs AMT. 
 
Green initiatives in AMT shipping increase AMT. 
 
Ice retreat trend opens up Northeast Passage aka Northern Sea Route and Northwest 
Passage.  
National laws and regulations by various regimes affecting resource extraction. 
 
Arctic conditions leads to new innovations in AMT. 
 
Other ‘visions’ in the changing Arctic impacting the field of AMT to 2030  
 
 
2.3 How do you interpret the development of the SPT/megatrends (see 2.1) impacting Arctic marine 
technology (FAMT and other AMT)? 
Comments and arguments: 
2.4 How do you interpret the development of the SPT/megatrends impacting the Finnish shipping 
sector FAMT? 
Comments and arguments: 
3 Weak Signals ‘New phenomena of change, the specific impacts of which may critically alter the course 
of events or the future direction’ (Anita Rubin, 2012). 
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3.1. Below is a list of a portion of the weak signals mentioned in Round I Pilot interviews-Delphi-
panel, Please give value 1-5 how important is to take account them when developing AMT in 
Finland? (1 -none, 2 -low, 3 -moderate, 4 -high, 5 critical) 
1. Technological innovations increase in AMT e.g. sustainable and green ships, 
including ice-class vessels.  
2. New R&D in fuel cells may reduce dependency of petroleum products. 
 
3. Increase satellite coverage in Arctic will eventually provide ship captains with near 
real-time navigation controls.  
4. Polar Code needs flexibility on efficiency standards for icebreakers design index to 
eliminate market confusion.  
5. Land transport decisions: railways and pipelines to southern ports will impact to 
AMT.  
6. Transport decision-making for Finnish mining ore for shipment to ports in 
Murmansk or Kirkenes or both to 2030 is essential.  
7. In-house R&D for big oil and gas companies leads to innovations and 
breakthroughs to reduce personnel due to high costs e.g. robotics and submarine 
drilling platforms ‘below the ice’ impacts ice management and AMT. 
 
8. Settlement by Norway and Russia of their maritime boundary dispute in the Barents 
Sea will increase and spurs AMT for offshore oil and gas exploration and 
development implications on AMT. 
 
9. Post-Fukushima nuclear disaster has led to anti-nuclear power sentiments globally 
increases the need for Arctic oil and gas spurs development throughout Arctic rim 
nations. 
 
10. Public attitudes regarding oil and gas consumption impact future developments 
leads to greater conservation with green solutions.  
11. Environmental protection of threatened species of large marine animals: polar 
bears, walruses, whales…et al slows development of energy in some sub-regions of 
Arctic. 
 
12. Devolution of power to Indigenous peoples influences decision-making in positive 
ways e.g. Baffinland Project, Canada but delays approvals.  
13. Presently, essential hydrographical data is critically needed for navigation of 
Arctic sea routes or shipping lanes impact to AMT: data gathering only possible 
during short Arctic summers. 
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14. Other, what?  
 
 
Rank the top three weak signals (1 to 3 from the greatest to the least positive impacts to AMT. 
1st  
2nd  
3rd  
Comments and arguments: 
Rank the top three weak signals (1 to 3 from the greatest to the least with negative impacts to AMT. 
1st  
2nd  
3rd  
Comments and arguments: 
4 Wild Cards ‘A low probability of occurrence however its impact to oncoming development is of high 
influence or ‘emerging issues’ (Anita Rubin, 2012.) 
4.1 Below is a list of a portion of the wild cards mentioned in Round I Pilot interviews-Delphi-panel. 
Please give value 1-5 how potential is that the wild card will occur:                                                              
(1 -none, 2 -low, 3 -moderate, 4 -high, 5 critical) 
1. An oil tanker spill similar to the Valdez or a well-head leak similar to BP’s 
Macondo disaster in the Gulf of Mexico’s likely to lead to stronger regulations and 
slow-down Arctic energy development. 
 
2. Middle East instability compared with the ‘safety’ of the Artic. 
 
3. Climate change debates influence Arctic shipping by new environmental emission 
standards.  
4. An Arctic tourist ship disaster similar to the Costa Concordia affects all cruise 
ships.  
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5. U.S. emerges as leading energy producer of natural gas through shale deposits and 
refracting is likely to reduce oil from Prudhoe Bay with multiple regulatory regimes.  
6. Arctic preparedness for oil spill recovery is presently deemed inadequate due to lack 
of manpower, harsh environment, ice conditions, darkness may lead to new oil clean- 
up technologies with R&D. 
 
7. Russia’s ‘Atomflot’ nuclear icebreaker fleet are equipped with oil recovery 
equipment which are assigned to designated ships sailing the NSR.  
8. Climate changes in Arctic Region could affect weather possibly leading to 
hurricanes and tornados.  
9. Dwindling world oil reserves is leading to global exploration and alternative energy 
by tidal, wind and seismic.  
10. Global cooling due to excessive volcanic activity and its impact on Arctic ice 
conditions.  
11. Presently, the Arctic Region has insufficient Search and Rescue (SAR) despite 
Arctic Council agreement on subject.  
12. The hope is for peaceful development of Arctic resources, but what if resources 
become scarce to the point that it would trigger aggression by a rogue state?  
13. Other, what?  
 
Rank the top three wild cards (1 to 3 from the greatest to the least positive impacts to AMT. 
1st  
2nd  
3rd  
Comments and arguments: 
Rank the top three wild cards (1 to 3 from the greatest to the least with negative impacts to AMT. 
 
1st  
2nd  
3rd  
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Comments and arguments: 
5.0 SWOT Analysis for Finnish AMT cluster located in the primarily the Helsinki Region and 
Finland or other AMT. 
If AMT is different from FAMT describe below by naming it and explaining the networks of 
cooperation below: 
 S= Experience and geographical concentration of knowledge and R&D facilities  W = Ageing 
personnel and distance to Arctic, limited number of Finnish shipping operators and financial 
resources to gain/keep actual arctic operational shipping experience O= Winter-navigation culture 
T= Shut down of Finnish shipbuilding(yard) industry 
Definition: SWOT Analysis—S=Strengths, W=Weaknesses, O=Opportunities and T=Threats  
 
(S and W, are inside factors, O and T are outside factors). 
If you are unable to provide answers and arguments to 5.1 to 5.5 for the Finnish AMT due to a lack of 
sufficient knowledge, then would you perform SWOT analysis for the other AMT cluster used? 
 
5.1 What are the ‘strengths’ of the Finnish Arctic marine technology compared with other countries 
AMT? 
Comments and arguments: 
5.2 What are the ‘weaknesses’ of the Finnish Arctic marine technology compared with other 
countries AMT? 
Comments and arguments: 
5.3 What are the ‘opportunities’ of the Finnish Arctic marine technology compared with other 
countries AMT? 
Comments and arguments:  
5.4 What are the ‘threats’ of the Finnish Arctic marine technology compared with other countries 
AMT? 
Comments and arguments: 
5.5 How will your SWOT analysis impact the foresight to 2030 for FAMT or other AMT for your 
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company, nation…or other entities? 
Comments and arguments: 
 
II Impacts to development of Arctic maritime technologies (AMT)— 
Leading AMT clusters / sectors and products to 2030 
Note: The Finnish Shipping Sector (FAMT) Cluster and its mini-clusters or SMEs consist in this study of 
10 Main AMT Categories below: 
6.1 Taking into account, the changes you mentioned regarding AMT demand in Part I - How 
important is it to develop or follow one cluster in Finland? (1 -none, 2 -low, 3 -moderate, 4 -high,          
5 -critical) 
1. Weather forecasting services and monitoring systems 
 
2. Oil and gas exploration 
 
3. Ship navigational systems and controls 
 
4. ICT: Specialized software for real-time monitoring and ship controls 
 
5. Transportation and logistics (along viable Arctic sea routes) 
 
6. Offshore technology: (oil and gas, wind and other) 
 
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
 
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head 
preventers with safety features, underwater pipelines, subsea robotic drilling 
platforms, and other) 
 
9. Environmental technology products 
 
10. Safety and Rescue Products 
 
Additional Arctic Clusters 
Mineral resources 
 
Timber resources 
 
Tourism 
 
Transport & Logistics 
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Port Infrastructure 
 
Other  
 
Comments and arguments: 
6.2 What are the five biggest challenges to FAMT in the Arctic Region taking account changes you 
described in part I (SPTs / megatrends, weak signals wild cards and other? 
Challenges Comments & arguments 
1  
 
2 
 
3 
 
4 
 
5 
 
 
6.3. What are the one to three leading companies in each category for FAMT (for Corporate 
Procurement / Customer)?   
1. Weather forecasting services and monitoring systems 
Answer 
2. Oil and gas exploration 
Answer  
3. Ship navigational systems and controls 
Answer 
4. ICT: Specialized software for real-time monitoring and ship controls 
Answer  
5. Transportation and logistics (along viable Arctic sea routes)  
Answer 
6. Offshore technology: (oil and gas, wind and other)  
Answer  
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7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
Answer  
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                                                   
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
Answer  
9. Environmental technology products 
Answer 
10. Safety and Rescue Products 
Answer  
Other products or clusters (e.g. ice management, support services for oil and gas drilling or other) 
Answer 
6.4 What are the most important / leading export products by brand names of the ten categories of 
FAMT taking into account your Part I mentioned changes (SPT, Weak Signal and Wild Cards)? 
1. Weather forecasting services and monitoring systems 
Answer  
2. Oil and gas exploration 
Answer  
3. Ship navigational systems and controls 
Answer  
4. ICT: Specialized software for real-time monitoring and ship controls 
Answer  
5. Transportation and logistics (along viable Arctic sea routes) 
Answer  
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6. Offshore technology: (oil and gas, wind and other) 
Answer  
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
Answer  
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                     
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
Answer  
9. Environmental technology products 
Answer  
10. Safety and Rescue Products 
Answer  
Other products or clusters (e.g. ice management, support services for oil and gas drilling or other) 
Answer  
6.5 What are the most critical global trade shows related to FAMT for networking and data sharing? 
Please mention one to three the most important. 
1. Weather forecasting services and monitoring systems 
1st  
 2nd 
 3rd  
2. Oil and gas exploration 
1st  
 2nd  
 
 3rd  
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3. Ship navigational systems and controls 
1st  
 2nd  
 
 3rd  
4. ICT: Specialized software for real-time monitoring and ship controls 
1st  
 2nd  
 
 3rd  
5. Transportation and logistics (along viable Arctic sea routes) 
1st  
 2nd  
 
 3rd  
6. Offshore technology: (oil and gas, wind and other) 
1st  
 2nd  
 
 3rd  
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
1st  
 2nd  
 
 3rd  
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                      
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
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1st  
 2nd  
 
 3rd  
9. Environmental technology products 
1st  
 2nd  
 
 3rd  
10. Safety and Rescue Products 
1st  
2nd  
 
3rd  
 
6.6 What are the one to three the most important global companies (actors) in each of the ten 
categories in AMT? 
1. Weather forecasting services and monitoring systems 
1st  
2nd  
 
3rd  
2. Oil and gas exploration 
1st  
2nd  
 
3rd  
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3. Ship navigational systems and controls 
1st  
2nd  
 
3rd 
4. ICT: Specialized software for real-time monitoring and ship controls 
1st  
2nd  
 
3rd 
5. Transportation and logistics (along viable Arctic sea routes) 
1st  
2nd  
3rd  
6. Offshore technology: (oil and gas, wind and other) 
1st  
2nd  
 
3rd  
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
1st  
2nd  
 
3rd  
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                          
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
1st  
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2nd  
 
3rd  
9. Environmental technology products 
1st  
2nd  
 
3rd  
10. Safety and Rescue Products 
1st  
2nd  
 
3rd  
Other products or clusters (e.g. ice management, support services for oil and gas                                     drilling or other) 
1st  
2nd 
  
3rd 
6.7 From the perspective of Finnish interests which countries are the most important for FAMT? 
Rank in order of importance by selecting the top five AMT producers                                                      
( 1 to 5, where 1 is the most important, 2 is the next most important…and so on): 
 
Finland 
 
Russia 
 
Norway 
 
Canada 
 
China 
 
United States 
 
Korea 
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Japan 
 
Indonesia 
 
Germany 
 
Other:  
 
7  Innovation Business Culture: (Research and Development, Networks of Cooperation, 
Globalization) 
7.1 What should Finland’s shipping sector FAMT do to preserve its leadership role in AMT to 2030? 
Please give value 1 to 5  (1 -none, 2 -low, 3 -moderate, 4 -high, 5 -critical) 
Invest more funds into R&D Centers related to FAMT. 
 
Create incentives for FAMT corporations. 
 
Fund research at universities involved in FAMT research. 
 
 
Fund vocational training schools to meet future demand for FAMT cluster and mini-clusters. 
 
Invest in Transport and Logistics systems: rail, land, sea for future economic demand 
 
Other?  
 
 
Comments and arguments: 
7.2 What outside global AMT networks should be used and strengthened to benefit FAMT? 
Comments and arguments: 
7.3 What other ideas should be developed and implemented to strengthen the ten categories of 
FAMT? 
Weather forecasting services and monitoring systems 
Answer  
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Oil and gas exploration 
Answer  
Ship navigational systems and controls 
Answer  
ICT: Specialized software for real-time monitoring and ship controls 
Answer 
Transportation and logistics (along viable Arctic sea routes) 
Answer  
Offshore technology: (oil and gas, wind and other) 
Answer  
Shipyards for construction of icebreakers and other specialized ice-class vessels 
Answer  
Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                                        
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
Answer 
Environmental technology products 
Answer  
Safety and Rescue Products 
Answer  
 
7.4 What is the most critical development needed for the ten categories of FAMT to strengthen 
innovation and to boost exports globally? 
1. Weather forecasting services and monitoring systems 
Answer  
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2. Oil and gas exploration  
Answer  
3. Ship navigational systems and controls 
Answer 
4. ICT: Specialized software for real-time monitoring and ship controls 
Answer 
5. Transportation and logistics (along viable Arctic sea routes) 
Answer 
6. Offshore technology: (oil and gas, wind and other) 
Answer 
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
Answer 
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with safety features, 
underwater pipelines, subsea robotic drilling platforms, and other) 
Answer 
9. Environmental technology products 
Answer 
10. Safety and Rescue Products 
Answer 
7.5 List the top one to three important types of projects your company is planning within the Arctic 
Region in the next five years to 2030? Please comment whether or not you are contemplating utilizing 
Finnish Arctic marine technology (FAMT)—‘Finnish know-how’ to facilitate these plans. 
1. Weather forecasting services and monitoring systems 
Answer 
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2. Oil and gas exploration 
Answer 
3. Ship navigational systems and controls 
Answer 
4. ICT: Specialized software for real-time monitoring and ship controls 
Answer 
5. Transportation and logistics (along viable Arctic sea routes) 
Answer 
6. Offshore technology: (oil and gas, wind and other) 
Answer 
7. Shipyards for construction of icebreakers and other specialized ice-class vessels 
Answer 
8. Subsea technology: (below-ice equipment for oil and gas industry, well-head preventers with                                              
safety features, underwater pipelines, subsea robotic drilling platforms, and other) 
Answer 
9. Safety and Rescue Products 
Answer 
10. Environmental technology products 
Answer  
Comments and arguments: 
8  Environmental Technology: 
‘Environmental concerns with Arctic development are taken very serious by leading actors in the Arctic 
Region. In fact, Finnish companies are global leaders in oil spill recovery techniques e.g. Lamor played a 
major role in the cleanup of BP’s disaster in the Gulf of Mexico. Please see Lamor Corporation Ab., 
www.lamor.com . Lamor’s innovations include new oil recovery ships constructed by Arctech Helsinki 
Shipyard for Russia’s Ministry of Transportation, see www.arctech.fi . Additionally, there are many other 
important companies in this cluster, see Mobibar, www.mobimar.com , and others’ (Myllyä, 2012). 
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8.1 There is a critical need to establish an ice laboratory utilizing Finnish R&D and educational 
institutions both in the Baltic Region and the Arctic Region in partnership with private industry to 
study and develop innovative oil spill recovery techniques e.g. environmental technologies to ensure 
protection of sensitive ecosystems. 
Comments and arguments: 
8.2 Do you believe that foreign oil companies will join in this new partnership? What about your 
company / or which companies 
8.3 How best should this ice laboratory be set up to facilitate this endeavor? 
 
8.4 Should this research be conducted with openness and data sharing among its principal partners? 
8.5 Is there a strong need for improved techniques for oil recovery response and clean-up in the 
Baltic and Arctic Regions? 
8.6 Should impact studies be conducted on wildlife contaminated by oil in the Baltic and Arctic 
Regions by marine biologists in conjunction with the ice laboratory concept to ensure more stringent 
environmental standards? 
 
III Recommendations for development 
 
9.1 What recommendations should Finland’s government, companies and organizations make to 
strengthen FAMT? 
Comments and arguments: 
9.2 What action plans should be initiated by government, R&D institutions and / or industry to 
enhance market dominance and exports to FAMT or other AMT, please specify? 
Comments and arguments: 
9.3 What steps should be taken between universities, R&D centers, and the AMT cluster and            
mini-clusters for the future to strengthen the main AMT cluster and SMEs to 2030? 
Comments and arguments: 
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9.4 What steps should be taken to ensure future skill-sets are taught correctly in the vocation schools 
to benefit and strengthen the main AMT cluster and mini-clusters for the future? 
Comments and arguments:   Other comments? Answer:                                                                                                                       
Thank you for your participation! 
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APPENDIX 4 
Round 2 Delphi-panel: Structural Questionnaire Real-time Policy Delphi: 19 
panelists 
 Yrjö Myllylä, Senior Researcher, RD Aluekehitys Oy, Finland. 
 Markku Kajosaari, Sales Manager, Arctech Helsinki Shipyard, Finland. 
 Lawson W. Brigham, Distinguished Professor, University of Alaska Fairbanks, 
United States. 
 Peter Noble, Chief Naval Architect, ConnocoPhillips, United States. 
 Jarkko Toivola, Head of winter navigation unit, Finnish Transport Agency, 
Finland. 
 Frank Bercha, President, Bercha Group, Canada. 
 Ari Inkinen, Fleet Manager, Neste Shipping, Finland. 
 Kimmo Lehto, Nautical Superintendent, Alfons Håkans, Finland. 
 Jari Ahoranta, Research and development manager, Lamor Corporation AB, 
Finland. 
 Pekka Korhonen, Senior Advisor, FennoGas Oy, Finland. 
 Magnus Nyström, Senior Specialist, Ministry of the Environment, Finland. 
 John Stockdale, Marine consultant, Cairn Energy, United Kingdom. 
 David Dickins, President, D.F. Dickins Associates, United States. 
 Kimmo Juurmma, Managing Director, Offshore Technology Ltd. 
 Drummond Fraser, Standards and Regulation Officer, Transport Canada Marine 
Safety, Canada. 
 Dr. Jari Haapala, Senior Research Scientist, Head of Marine Dynamics and 
Modelling Group, Finnish Meteorological Institute, Finland. 
 Andrew Kendrick, Vice President, STX Canada Marine, Ottawa, Canada. 
 Tero Vauraste, Chief Executive Officer, Arctia Shipping Ltd, Finland. 
 Dave McMillan, President, STX Canada Marine, Vancouver, Canada. 
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APPENDIX 5 
Round II RTD Questionnaire III. Recommendations by Experts: (Questions 9.1 – 9.4) 
9.1 What recommendations should Finland’s government, companies and organizations 
make to strengthen FAMT? 
 “Across the board, R & D investments. Also, the workforce must be developed. One of Finland's 
strengths is its superior educational system. However, I would be concerned that the maritime 
sector receives enough attention especially in FAMT.”  
 “Investments in education and R&D. Contribution to the work of the Arctic Council. Contribution to 
the IMO work on Polar Code and other activities related to the operations in the Arctic regions.” 
 “Let’s do it together.” 
 
 “Business climate to be more favorable.“ 
 “Better co-operation with all the parties.” 
 “Closer cooperation between private sector and authorities in developing environmentally 
sustainable practices and technologies for growing demands.” 
 “Market themselves.” 
 “Establish a long term R&D program.” 
 “Finland should actively support the development of a robust Polar Code at the IMO. Similarly 
Finland should press the Arctic Council to support strong pollution prevention policies.” 
9.2 What action plans should be initiated by government, R&D institutions and / or 
industry to enhance market dominance and exports to FAMT or other AMT, please 
specify? 
 “I do not believe there is enough economic analytical capacity to evaluate the future of the Arctic and the 
role of FAMT. Sound economic analyses must be performed before large investments in FAMT are 
made. The government and industry should apply more economic analyses to looking at the future of the 
Arctic.” 
 
 “Co-operation and joint-ventures with companies operating in the Arctic.” 
 “Re-organization of simulations and high level education and R&D facilities in Finland related to FAMT.” 
 “There should be a coordinator or a team from Universities, Private companies and politicians for the whole 
FAMT project.” 
 “For the moment, let´s focus on the initiative taken by Fintrip / Ministry of Transport and 
Communication.”  
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 “Again get out there and market your capabilities, you must first ask the question how well are you known by 
the international market place?” 
 
 “Joint R&D projects for multiple industrial companies.” 
 
9.3 What steps should be taken between universities, R&D centers, and the AMT cluster 
and mini-clusters for the future to strengthen the main AMT cluster and SMEs to 2030? 
 “Expanded and robust public-private partnerships are required for Finland to remain a leader in 
AMT. Finland should strive to maintain its engineering excellence in this field as well.....through 
educational opportunities supported by the maritime industry. Geophysics and geophysical systems 
technology are two educational fields Finland will need to invest in to move into Arctic offshore oil & 
gas services & support.” 
 “Finland is a too small area/economy for province based cluster programs. All the activities should be based 
on the utilization of best available resources - nevertheless in which part of the country they are located”. 
 “Less competition and more co-operation between Finnish actors.” 
 “More co-operation.” 
 “Research what others in similar developing fields are looking into, what are the main issues such as Ice, 
temperature, communications and accurate positioning above 70 degrees to name but a few.” 
9.4 What steps should be taken to ensure future skill-sets are taught correctly in the 
vocation schools to benefit and strengthen the main AMT cluster and mini-clusters for 
the future? 
 “This is a highly internal issue for Finland and its regional schools to develop. Nearly all the clusters 
require sound science & engineering backgrounds......software engineering will be required at even 
higher levels in the future due to the sophistication & complexity of Arctic systems engineering.” 
 “High level simulation facility for training and operational R&D. More efficient usage of existing ice 
model basin facilities.” 
 “Like most developed countries the problem is maintaining skills that have been developed over 
time, as often these are lost to cheaper imports.” 
 “Other: In general, the effective development of industry capability requires support for "blue sky" research 
to generate wholly new concepts, followed by more targeted applied research and development for 
promising concepts. This needs an appropriate balance between academic and research organizations, the 
latter including both public and private sector organizations. The formation of technical personnel should 
encourage interchanges between industry, R&D and academic institutions, which also assists with 
technology transfer and dissemination. These principles are not exclusive to the FAMT.” 
 
